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OBJECT-LESSONS AND SCIENCE 
AS A CLASS-SUBJECT. 


BLACKIE'S OBJECT-LESSON AND 
SCIENCE READERS. 


Ss т, illustrated, strongly bound in cloth boards. 


General Course. 
Country Stories. Infant Reader. Cloth, 6d. 
No. I. Tales and Talks on Common Things. Part І. 84. 
No. IL Tales and Talks on°Common Things. Parr IL 104. 
No, III. Seaside and Wayside: or, Тһе Young Scientists. 1s. 
No. JV. The Young Mechanics. 15. 4d. . 
Но. V. The Young Chemists. By W. Furneaux. Cloth, 15. 6d. 
No. VI.-VII. Lessons on Living. By H. ROWLAND WAKEFIELD. 


Cloth, 1s. 62. S 
e b Natural History Course. 


NỌ. I. Tales and Talks on Common Things. Рант І. 84. 

No. IL Tales and Talks on Common Things. Parr II. 104. 

No, III. Seaside and Wayside; ог, The Young Scientists. 15. 

No. IV. Onr Eronda of the Farm. Ву the Rev. THEODORE Woop. 
8. Я 


No. V. Animal and Plant Life, PartI. Ву the same. 1s. 6d. 
No. VI. Animal and Plant Life. PART Il. Bythesame. Is. 64. 


BLACKIE'S SCIENCE HAND-BOOKS. 


Companions to Blackie's Science Readers. 


No. V. Companion to "Young Chemists”. Cloth, 64. 
No. У1.-УП. Companion to ''Lessons on Living". 64. 


OPINIONS OF THE PRESS. 


‘To schools taking Elementary Science as a class-subject these books will 
come as a perfect boon. Every lessen is carefully thought out, and wherever 
practicable, brief anecdotes, appropriate poems, and other matters are intro- 
duced. The result is а most perfect set of Readers."—Teachers' Aid. 

“Nos, IV. and V. (which are by the Rey. Theodore Wood) deal, and deal 
well, with Animal and Plant Life, Хо. IV. having speojal reference to agricul- 
ture. The style is clear and simple, and the printing is excellent."—Journal 
of Education. 

“Those teachers seeking a royal road to the teaching of Elementary Science 
should see Blackie's Science Readers. They exactly meet the requirements, 
the subject-matter is nicely put together in a simple and interesting form, the 
illustrations are good, hd the series constitutes as complete a syllabus of 
uso action as it is possible to get."—Schoolmistress. 

“The lessons in all these readers ought to aid in cultivating habits огозе: 
vation among young school children, and should lay the basis of a good syst 
of acquiring general knowledge as they grow older. Blackie's Science Read am 
are thoroughly good school class-books. "—School Board Chronicle. 
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е e INTRODUCTION. 3 
5 Tug Dun. handbook Боз been written to provide a com- 
al plete guide to the teacláng of Object Lessons as a class-subject 
си eee Standards L, IL, and Ш. In Ше columns headed ** Experi- 
,ments"and Observations”, are provided items of information 
e “on the subjects already dealt with in * Blackie's Object Lesson 
and Science Readers”, and in addition such kindred filustra- 
| tions and explanations as ean be dealt with orally, but not 
ПО 2 through the medium ‘of class reading books. 
| s A The importance of using suitable reading books as an aid 


dnd is well expressed in the following words in the “ Instruc- 


| 

H 
| \ to ра teaching is recognized by the Education Department, 
o tions to Inspectors”: * The chief use of the reading book is to give 


" are З ^ 
! greater definiteness to such oral teaching, to make thorough vecapitu- 

lation easier und more effective, und to invest the subject with a new 
il interest.” While therefore the Readers and Handbook are 


capable of independent use, the best result will be obtained 
where they are conjoined. 
The Handbook does not merely provide information, it also 
^points,put how best to arrange and impart it. 
Head Teachers are sometimes deterred from following out 
their desire to relieve the monotony of the more mechanical 
.wprk of the school by the introduction of object lessons, 
either as a class subject, or as a foundation for a course in 
Elementary Science, by the fear that the younger members of 
„Ше staff may be unable to bandle the subject efficiently. 
a- They feel that it is much easier to collect “ Matter" for 
| them $a to ensure that the best “Methods” of imparting 
_ 4 © this information are adopted. „31: 
"This problem has been worked out with great success in 
several large groups of schools in the kingdom, and their 
. methods of successful solution have therefore been incor- 
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porated in the “Teaching Notes” which are appended to 
each lesson. ze 

Tt is hoped that these OBJECT LESSONS IN ELEMENTARY, 
Scrence will thus prepare the children, by experiments and 
oral demonstrations for the subsequent reading matéer on 
the same items. These subjects have been here taken in the 
same order as in the Readers, but are treated witb«zreater 
elaboration. With the help thus afforded, there, no reason 
why every elementary or other school should not take up 
this interesting and delightful subject to enliven the school 
curriculum. а E e 

The experienced teacher will at once recognize that thé ғ 
method of treatment here adopted:is progressive in difficulty. 
This is seen in the diction; in the spelling; in the demand made 
on the reasoning powers of the class; in the elaboration of 
detwil; amd in the varying amount of ilkistra/ion enfployed 
in the “Notes of Lessons”. e pi: 

The most important consideration in the whole subject, and 
especially so in the earlier stages, is the absolute necessity of 
attacking the problem on INDUCTIVE lines. Every experiment 
should be performed, and that more than once, by the teacher — 
"before the class. And every one of these that can be per: 
formed by the children after the teacher, should be so repeaté 
In other words, the “hand” should be largely employed as ane 
instrument to aid Thought. 

gain, where the subject does not completely lend itself to 

experimental treatment, it will do so to Observation. In other 
words, the “eye” is to be used as an instrument to aid 
Thought. Of course, in the majority of instances, these two 
methods will be combined into one treatment. But in no case 
should this * Hand-and-Eye-Traininz" be replaced by “telling”,) 
or by verbal clouding of the-subject by mere names and de- 
finitions. "The main purpose of Object Lessons in schools 
should be to lead the children to see, and to see for, 
and by themselves. If this point be missed, the educative 
value of the teaching is almost wholly lost. For this reason, 
the junior teacher should not imagine that any of the “ Obser- 
vations” collected from the children gud recorded in the text. 
are trivial or unimportant. «Each has a specific p=.pose in 3 
view. and each, therefore, has an educative value of its own. — ' 4 
? The form,of. direct statement in which the lessons are written 
is not intended to suggest that questioning should not be very 
freely employed, to draw from the children the results of their 
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-: Always at hand in the museum cup 


INTRODUCTION. 7 


own observations. It is assumed that information will not be 
less the teacher’s questions and the chil- 


die рано, un 

dlren'ssxamination of the objects shown them, fail to bring it 

out. 

the Head Teacher will remind him under 
what great temptation the young teacher lies to abandon 
сопсрёё: things for mere names and abstractions. The author 

. would therétore respectfully suggest to his fellow-instructors 
„ће help that may Бе gained in this direction by insistence on 
the junior teacher gathering together for class use and illustra- 


tion the bulk of the specimens suggested, and on having these 
board, neatly preserved and 


arranged. „ 2 
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1. THE THREE KINGDOMS OF NATURE. 
(READER IIL, p. 9.) : 


Illustrative Objects. 


PART III. 


4 


+ 


D 


У 


А stone; a live dog (or cat); sóme 


mustard, growing in a flower-pot, on a piece of flannelzzrgpped 

round an overflowing bottle of water, or on a \wet sponge. 

Seeds, shells, buttons, or any other collection of small, mis- 
Y 


cellaneous objects. 


[d 


Experiments and Observations. 


Suggestions and Inductions. 


I. Sorting Up.—(a) Here is a 
box full of beans, shells, buttons, 
peas, and other small objects. I 
wish to put these into some Kind 
of order. То do this I sort them 
out. F-put together all those that 
are large, and all the others that 
are small; thus sorting them ac- 
cording to size. Or I can sort them 
aecording to shape, or to colour. 
In each case I c/assify them, or 
make c/asses of them. 

(0) We will do the same with 
the children here, classifying them 
into boys and girls; into bn and 
young; into small and big; or into 
fair and dark children, and so on. 

(c) We can do the same sorting, 
or dividing into classes, with every- 
thing that makes up the great 
world. 

But it would not help much to 
divide these things according to 
size, shape, or colour. We find; 
the best way is to sort them out 
into two great classes of living and 
dead, objects: 

Then we get оп the one side 
Minerals (including metals), and 
on the other P/ants and Animals. 


F. (д) If the children wontinue 
this task,— which was begun in the 
Infant School,—and if it Бе left to 
themselves to dovit, this Will give 
the cher the opportuyity of en- 
quiring what is the ** basis of classi- 


Jication” (size, shape, colour, ete.) 


which they have adopted. Е 


> 

(6) The members of the different 
classes in а school are alike in beingo 
children. They are unlike in age, 
size, capacity, ete. Somebody has 
sorted them out. 

(c) We see that size and colour 
are not much help to us, since dogs 
(for example) may be small or large, 
black or white, etc. We could not 
tell a dog from a cat by size по! 
by colour only. Still size is 0! 
some use, as in telling а young 
tiger from a full-grown cat (Vide 
Standard II., The Cat). 

We may classify all objects thus: 

Matter is 

(1) Living—(a) Plants. 
(b) Animals. 
(2) Dead —(c) Minerals. 


«у 


п. Mineral Kingdom.—(a) We 
have already seen that coal, chalk, 
да (V d pondre L, IL), are 
dug out of the ground, а аге 
called Minerals. US tae ES 


П. (а) There was oüicé a time, 
when there were no animals nor 
plants on the earth; then every- 
ihing in the earth must have be- 
longed to the Mineral Kingdom. 


` 


Фо 


^ THE THREE KINGDOMS OF NATURE. 9 
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| THe THREE KINGDOMS OF NarvRE— Continued. 
|oe eriments and Observations. Suggestions and Inductions. 
| + 
(b) Myperals, then, are such (b) The earth is all mineral, even 
i ? things are dead, and such as | theater on it, and the air above it. 
~ — generally speaking have never been | For both water and air are without 
ative. "They are dug out of the | life, and so are neither animal nor 


earth os, as we say, out of mines, 
* — fmm which Mey get thar name 
of Migeral: / Sometimes, however, 
they gire picked up from the sur- 
Jace of the ground. 

(e) These do not become bigger 
svom the inside in the same way as 
Plants and Animals do, because 
they ar@nos alive. e 
^ (ud) "в also means 
Лапо work, ав Plants and 2 
however, do. | (jonseguently they 

Shave not different organs with 
which to"do work, as Plants and 
Animals have. 

(c) And that is 


that MInerels 
pimals, 


also to say that 


^ they cannot move about, as Animals 
"mostly do. 
E (/) But as Minerals do not work, 


yy do not waste nor wear away. 


7 herefore they do not require any 
o food, as Plants and Animals do. 


(0) Minerals have no stomach 
(for Digestion) and require none as 
they take no food. 

We have also seen that they 
have no limbs (for Locomotion), as 
they do not need to move about 

And they have no lung nor gills, 
to breathe with (for Ri piration). 
Minerals also have no heart to 
make blood go through them (for 
a Circulation). 


a 


a (h) But though these Minerals 

2291ге not alive, yet some ФЕ them 

„ were sone. Only they have since 
died, and have become changed. 

This we have already seen is 

true in the case of coal, which was 

, once growing as peat, mosses, 


vegetable. But by “Minerals” we 
generally mean only the ground, 
not the seas, nor the ‘fatmosphere” 
above this ground, or earth. 


(c) Objects must increase in size 
either from the outside or from the 
inside. Minerals are added to from 
the ontside only. 

(4) We have seen that all Plants 
and Animals are made up of organs 
to*ido work, These organs are 
instruments, just as a violin is an 
"instrument; (Бу which wa make 
music). 

(e) The most important organs 
in most Animals are their limbs, as 
by these they get to their food. 

(7) If we run about, or work 
hard in any other way, we become 
hungry, and feel weak. То make 
us strong again, and to prevent us 
from wasting away, we take 
food. 

(9) Food is partly food for the 
stomaeh, and must be digested 
(Digestion); and partly food for the 
lungs (Oxygen), to be breathed 
(Respiration). When the food gets 
into the blood it has to be carried 
to the different organs that are 
wasting from work (Circulation). 

A mineral cannot digest, for it 
the, for it 


4 


has no stomach; nor фи 
has no lungs nor gills; or circulate 
any blood, for*it has none. Tt is 
therefore without the marks of 


` (h) As the substances of which. 
coal and chalk were formed were 
encealive, orparts of living objects, 
they must then have belonged tg 
one or other of the remaining two 
kingdoms of nat ure.® We ourselves 
shall some day be dead. Then we, 
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10 THE OBJECT LESSON HANDBOOK. PART III. 
THE THREE KINGDOMS or NATURE— Continued. 

Experiments and Observations. Suggestions and Tnductiond” оо 
= Uu SS 
ferns, ete. (Vide Standard IL, | too, shall no longer beleng to the 
Coal). Animal, but to the Мечі King- © 

We have also seen that this is | dom, when we become “dist and 
true of chalk, which was once the | ash This is also true of every 
“shells” of marine (sea) animals | other animat. 2 
-( Vide infra, Chalk). It is (спе likewisexf every ам, ~- 

So, of these two particular kinds | for, in course of time, all vegetables * 
of Minerals, one once belonged to | decay, and return, like the animals, 
the Vegetable, and the other to the | to the Mineral Kingdom, from о 
Animal Kingdom. which they first ипе. 

(7) But though the objects of the () All the mineral substances » с 
Mineral Kingdom do not weár and | in the surface of the earth are я 
waste away through working, they | beag washed and worn "way by 
may do so from the action of winds, rivers» etc, Even thos@ under- 
Waves, rivers, frosts, ete.,asin hard | neath the surface sometimes waste 
rocks being turned into mud, saad, | and wear away, as we see when ` 
clay, etc. (Vide Standard" IL, | rains eat out great caves inthe o 
Action of a River.) “crust of the earth”, as We call it. 

(7) Tough Minerals donot grow, (j) We have seen that a piece of 
—or increase in size from food | coal is flaky, or breaks up into 
taken inside,—they may become layers, Slate and shale also show = 
larger from the outside. This is | the same struct ure. АП these are - 
brought about by more mineral | outside-grow ‘They are like », 
matter being laid down on them, | the “dips” we learnt about g de. 
asin the thickening of a mud-bank, Standard IL, Candles), in bi ng 
or sand-bank, by a river washing | built up, or made thicker, from 
down more mud or sand on it, in | the outside, in fresh layers of the 
the bed or at the mouth of a river. | same substance, 

TEACHING NOTES. 

Г. The teacher should introduce this first notion of Classification 
hy asking the children for the likenesses between two (animal and 
plant) of the three items named in the Illustrative Objects. SI, 

Then he should set these two together, apart from tie third 
(Minerals); and so make the first classification on the basis of life, 
on the absence of it (Animate апа Inanimate, or Living and Dead, 
objects с T 

The main points is to get the children to see for themselves, 
without telling them this, that Classification really depends on 
diserimination of Agreement and of Difference. М 

ae Throughout this Standard the teacher will necessarily, in this ' 
ay prea tea Нои and first edition of the subject, have to дей” ^ 
paves ез, Andee to ignore exceptions. The children cannot | 
Е v, nor understand, anything of an intermediary region con- 
E together the lower parts of the Animal and Vegetable 
betes Their notions of Animals and Plants must for a time 

ed to the higher members of these two kingdoms. ‘To 
є: 
^ 


J я 


11 


teacher, with the help of the class, should build up the 
erential characteristics of Minerals as he goes along, 


from which he may after- 


in doing so, constant appeal should be 


Suggestions and Inductions, 


+ under one gov 


fo 

T. А kingdom consists of а 
ent people, or sub- 
called, united 
nent. These are 
into different sorts of 
people, living in different parts of 
doing different kinds 


number of differ 
they 


yt ANIMALS AND PLANTS. 
throw in exceptions parenthetically, will be to confuse the broad 
outlines of the children’s present knowledge and ideas. 
co т 
special ef 
.s and thenfmake a Blackboard Summary 
wards capitulate these. 
made to the stone (Vide, Illustrative Objects), as contrasted with 
the mustard, and cat (or dog). 
© г 5 А 
. 
LI РА 
e 3. ANIMALS AND PLANTS. (Reaper IIL, p. 15.) 
- 8 Е А i 5 с 
Illustrative Objects. А cat (or dog), and growing mustard, 
as in precesling lesson. о 
LJ 
. Experiments and Observations. 
Se e 
= 4, Likenesses.— We have just 
lately leafnt that there are three 
meat ** Kingdoms" in Nature: the | jec 
Mineral, Vegetable, and Animal | ux 
72 Kingdoms. divided 
+ We also learnt at the same time 
^ that the objects in two of these | Ше countr, 


` 


г 


kingdoms are alive; and in the 
other one dead (Mineral). 
- So the two that are composed of | 
"living objects (the Vegetable and 
Animal), must be like each other 
in this respect; and diferent in 
the same respect froin the Minerals. 


IL. Differences.—(«) But these 
jame two kingdoms, which are a 
m ineluging only living objects, 
are different in other respects. 

Tf this were not so, they would 
hoth have to be called by the same 
aame; either Animals or Plants. | 
This is the distinction between | 
being like and being the same | 
(identical). 

. 


place, most 
bout from place 
to place in search of food, and to 
escape from their enemies. This 


ALS, 


. 0). I the fi 
animals can mo 


| at once know him from any othe: 


of work, and having different ap- 
pearan So, likewise, all the 
different kinds of Plants and Ani- 
mals ave subjects of their great 
Maker; of different s, living in 
different places, doing different 
work, and haying different appear- 
ances. 


thing which is like 
something else in some points must 
be unlike it in others, One boy is 
like his brother in having a family 
likenessto him. But all the fam 


П. (a) Ev 


member of the family by his differ- 
ences from thedatter. 

It is the likeness that strikes us 
first, and after that the d 


ANIMALS, 
ә (b) A locomotive engine is also 
one that moves about from place to. 
place, as а railway engine. One 
that keeps to one spot,—as in an 


kind of motion from place to 


engine-house, а faetory, or mill,— 
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PART ПГ. 


ANIMALS AND PLANTS—CÜontinucd., 


Experiments and Observations. 


place,—not merely moving a part 
of the body, but the body as a 
whole, —we call Locomotion. But 
all animals cannot move about from 

lace to place. Mussels, oysters, 
расо etc., are fixed to one spot 
when they are grown up; though 
they can travel about when they 
are very young. 


s PLANTS. 

(с) (1) Plants feed on mineral 
food. 

On the contrary, Animals do not 
thus live first-hand on mineral 
foods, but on the vegetables grow- 
ing upon these minerals, as, e. 
grass growing out of the gi В 

Or else they feed on other animals 
that themselves lived on such vege- 
table foods, (Beasts and Birds of 
prey.) 

So that at second-hand (or. in- 
directly) Animals, too, depend on 
the Mineral Kingdom for their 
food. But they never do this 
directly, like Plants. 


(2) Plants, too, have no stomach 
to digest their food. Animals 
mostly have one, but the simplest 
of these have none, unless they 
may be said to be all stomach, 

(3) Plants have many mouths at 
the ends of their roots and rootlets, 
Animals have but one mouth, and 
this mostly leading into a stomach. 

(d) In Plants all the living parts 
can "breathe": Animals breathe 
mostly by gilis or lungs. But 
the simplest of the animals have 
neither of these breathing organs. 


(c). Plants have no senses, ane 
therefore no organs of the senses, 

They cannot feel, taste, smell, 
hear, nor ses. But the higher 
Animals can do this work as well 


we call a stationary engi: 


Suggestions and Inducti 


„ because 
of its thus keeping to tme station 
or place only, though its Uifferent 
parts are in motion. ^ 

So animals that become fixed to 
one ѕроќ may be likened to chgives 
which are used at first as locomo- 
tives, and afterwards as stationary, 
engines, 

е 
PLANTS. i 

(c) (1) On an island just pushed, 
oi-thrown up, by a хоо from 
the b&ttom of the sea, thére would 
be only one “Kingdom”, ће 
Mineral If any member of the 
Animal Kingdom were to рау, ія 
island a visit, it would Siarve—for 
want of animal or vegetable food, 
But by means of the winds, or the 
sea, or the birds, seeds would воба 
be carried to this island (Iie 
Standard L, Dispersion of Seeds). 
These seeds would grow, and the 
Minerals become covered over and 
hidden by a dense growth of. the, 
new Vegetable Kingdom. Then 
animals could find there a living 
and a hom 

(2) Divesting food is turning it 
into something else ;—into a part 
of the body of the enter, Tn this 
Way we may say, a plant “digests” 
earth-food, and turns it into “sap”. 

(3) Plants take in their food 
through little ‘root-hairs”. They 
also find food in the gas (carbonic 
acid) taken in by their leaves, 

(d) Plants, like animals, con 
stantly “breathe in” oxygen, 
and gire out carbonic acid. ^ This 
“ breathing ” must not be confused 


with the taking in of carbonic Э 


acid bp the leaves. 

(е) This must be thé*j7eatest of 
all the differences between Plants ^ 
and Animals, because the act of 
Seeing, cte., is the very highest 


work of all. For it is through our + 


^ 


М 1 - Ш THE ANIMAL KINGDOM. 
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ANDIALS AND PLANTS— Continued. 


jyiments and Observations. 


Suggestions and Inductions. 


as we can § and havea skin, tongue, 
nose, сай, and eyes to do it with. | 
Some or all of these organs of | 
sense muy be wanting, however, | 
in Фә lowest,and simplest ani- 
mals, as in sponge-fleslo (Vide | 
Standawd Т.). | 


| senses (especially of seeing and 


hearing), that we get knowledge 
and wisdom. Children are sent to 
school to cultivate these senses; 
and. many animals, too, can be 
trained to use their senses aright. 


ө 
5 2 ° 
М TEACHING: NOTES. 
G = 
t I. The opportunity should be seized ‘at the threshold of a new 
enquiry toanculcate the order of the government of the world 
-. евресайу in its animated Subjects. “Order is Heaven's first law.” 
3 TI. The statement as to the meaning of classifying given in I, is 
nore l8gieal aad far-reaching than would appear to the young 
tether, since the basis of our discrimination of the outer world is, 
first, Naming the objects in it. This Naming is the recogaction of 
likeness in untikenes: It is therefore the foundation of Class 
aches the highest flight of man's power, in 


gation, and finally 
. Definition, Thus a cow is named „as being an animal with 
^d along with the Rumi- 


cloven feet like many others. It is ef 
nants, because of this and of its four stomachs, 10 із finally defined 
as such. 
| o But in the definition there are locked up the two statements ;— 
1) Of the large group to which it belongs (Genus); and ^ 
(2) Of the distinguishing marks separating it from other members. 
of this group (Differentia); ог 
Definition = Likeness + Difference (Differentia). 
The most obyious, not the most fundamental, differences between 
Plants and Animals have to be presented to the child at this early 
stage of classification: namely, those of Locomotion, Digestion, 
Respiration, and Jnnervation. 


(A) THE ANIMAL KINGDOM. 


ме 3. BACKBONRS AND NO BACKBONES. 
M А 2 (Reaper IB., р. 18.) 
° о 
Illustrative Objects. Shells of limpet, mussel, and whelk; 
and, on the seaside, their living tenants, In inland towns, the 
“same dead (boiled). In the country a snail, In both rural 
Е а 
Ў o 
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and marine districts alike, the crab, or lobster, and shrimp, or 


prawn. Та the country these 


living erayfish can often be obtained as well. 
а bird; and a boiled fish (to dissect). 


must be dead (boiled) out. а 
A skieton of 


Experiments and Observations. 


I. Animals with Backbones.— (а) 
We all know a horse (Mammal), 
а sparrow (Bird), a herring (Fish), 
and a snake (Reptile), from one 


another when we see them. And 


we ali recognize that each of these 
is different from a snail, or from a 
whelk. : 

They all alike have a backbone in 
their skeletons. 5 

This may be compared withthe 
keel of a ship, or boat, to which 
the 19257 are fastened. We sce 
these real ribs best in the skeleton 
of the larger ar s, the Mam- 
mals, as in the picture of a man 
and of a horse (Reader, p. 90). 
But they equally present in the 
smaller animals, Bird, Reptile, and 
Fish, and in all са, re attached 
to the backbone, directly or in- 
directly. 

(b) Ihavehere, from thebutcher's 
shop, а part of the backbone of a 
sheep. We sce that it consists of 
separate bones, so tightly joined to- 
gether that I cannot pull them as- 
under. (Mammal.) 

(с) I have here the correspond- 
ing bones from a cooked Soul. 
(Bird.) © 

(d) Tn these boiled fishes—had- 
dock, herring, eel —I remove the 
flesh, and then yov. see the back- 
bones that extend down the middle 
of them and support the rest of the 
hody on them, as before. (Fish.) 

(e) Lastly, we may see the same 
structure in the snake, which isverv 
like the eel in shape, (Reptile.) 7 
? (fr АШ animals having back- 

pones are classed together, to 
form one of the great Divisions of 
the Animal Kingdom. 


Suggestions and Inductions. 
= “Gi? 
Т. (dj The reason why a boy can 
jump on another’s back in play, ог 
sit on a horse's in riding, or òn mi 
ostrich, is because these backs do 
not give way, break, nor bend down 
under the boy's weight. There 
myst, therefore, be something 
strong, in these backs to. support 
the boy's weight, just as there is 
also in the seat of à chair. ў 
This strong, fitm part nust Бе 
bony; for soft flesh would give \ 


It is called the backbone, aud is ti 
longest and strongest part of the 
skeleton. E 

The ribs are not so large, strong, 
nor fixed, as the backbone, as they 
xwe only to enclose the chest, not 


ie 


г the weight of the runt, nor. 
ixed support to the од, 


(0)-(е) Although the backbones 
of animals consist of separate bones 
fitted or jointed together, we do 
not call the creatures that possess 
them “Jointed Animals”. We 
keep that name for the animals 
whose limbs only are jointed, as it 
the bee, b, etc.: which are all 
animals without backbones, 

(d) The flesh of a fish is easily 
removed from the backbone; and, 
we readily see that this hone runs 
straight down from the head to 
the “tail”, with ribbed bones 
attached to it on opposite sides. у 

(6) In thi: 
the ribs are very short за десй, and 
the creature lias по proper limbs, © 

(f) This Division includes Mam- 
mals, Birds, Reptiles, Amphibians, 
and Fishes. 


A live cat (orklog), ок 


leton of the snake у, 


o 


t3 


BACKBONES AND NO BACKBONES, 1 


ФАСкВОЛЕЗ AND NO Backbonrs—Continued. 


Experiments and Observations. 


Suggestions and Inductions. 


II. Anirjals without Backbones. 
—(a) Пу Ше other Division of 
animals — crab, lobster, shrimp, 
mussel, whelk,’ and snail— we 
have creatures that have по back- 
bones. Their bodies are кв, in- 
side utzleast. But some animals 
` have ashell outside which is either 
single, as in the limpet; or double, 
as m the mussel; or made of many 
purts, as in the crab and shrimp. 

Т take this boiled limpet out of 
its shell, ane we see it is all soft, 
with no bones in it at alL* The 
same is true of this mussel and 
whelk, ~ 


> 


(0) The crab has some thin, bony 
plates inside it, but still no back- 
bone. 

Че) Besides these creatures with- 
out backbones living in the water, 
* we have others without backbones 
living.on land, as snails, worms, in- 
sects, spiders, etc. 
LI 


B (d) All animals without back- 


bones form one of the two main 
Divisions of the Animal Kingdom. 
These two Divisions are :— 

1. Vertebrata. 

2, dnvertebrata. 


6 


П. (a) Some of these **soft crea- 
tures" are hard on the outside; ог 
they have an outside, instead of 
ап inside skeleton, very strong in 
many cases. 

If we pull a boiled whelk out of 
its shell we can easily examine it. 
We can cut it up, or pull it to 
pieces, without finding any inside 
jeskeleton init. This explains why 

these greatures require the dutside 
case. 

In the other cases it appears that 
there is also an outside shell, as in 
the crab, but this is' a part of 
the ~azima/ itself, not merely its 
home. 

(^) The crab, shrimp, ane-prawn 
have /imbs; for there is much loco- 
motion among them. 

(c) The creatures. living in the 
air are those with wings, mostly 
Birds (with backbones) and In- 
sects (without them). 

Some animals live in water, as 
Fishes, and some Mammals (Ше” 
whale, еёс.). 

Many animals live on the ground, 
as Mammals and Reptiles. 

(4) We therefore say: Animals 
are either:— 

(1) Those with backbones (Ver- 
tebrata), or, 

(2) Those without backbones (Zn- 
vertebrata). 


TEACHING 


а 


NOTES. 


TE Examples of the Vertebrata should be solicited from the 
children themselves; but the teacher should arrange the names of 


these on the blackboard, as they 


“heads :— 
Vn 


1. Mammals. 
2. Birds. 

To illustrate each group, the 
should be made use of. 
skeletons in it), this would be of 
. Show picture in a Reader of a 


ге given, under the following 


3. Reptiles (and Amphibians). 
4. 


Fishes. 
picture on p. 20 of the Reader, 


If there is in the school a mzseum (with 


immense service in this.work. 
boy mounted on an ostrich’s back. 


' 
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. 

If possible exhibit a picture of the building of a ship, in which the 
keel and ribs are clearly shown. 7 3 

IL This preliminary reference to the limpet, mussel, av whelk, ^? © 
will introduce the “Soft-bodied animals" (Mollusca¥; whilst 
reference to the crab, crayfish, shrimp, and prawn, will dr the same o 
for the “Crusty Animals” (Crustacea). ‘Lhe reference will also 
distinguish from molluscs the Jointed-limbed Animals (Arthvo- 
poda), previously introduced in Standard II. under the буре оё the 
bee, as one of the insects (Insecta). Труз faint outlines of further “+ 
grouping of animals will be here indicated for future wse and 


amplification. C MM De 
o 
о 
= 
СЗ 
0 


JOINTED-LIMBED ANIMALS. о 9 


4. CRABS, LOBSTERS, AND SHRIMPS, 
(ReXper IIL, p. 2L) “ 


о о 
Illustrative Objects. Crab, lobster, crayfish, shrimp, prawn, 
sand-hopper ; alive (at seaside), or boiled, except the latter 


(in the country). Pictures of the same. . 


Experiments and Observations. 


1. The Crab.—(a) We will let I. (а) Ти speaking of. Mammals, 
this live crab stand for the rest | ete. (in Standard IT.), we sorted 
of the “Crusty Family" (Crust- | them according to their Coverings ; 
acea), to which it belongs. The | from hair down to scales, 
first thing we notice about it is Because of their covering, the 
that it is covered all over with, or | Crustaceans are sometimes called 
enclosed in, a hard shell, con ting | “shell-fish”, They are not true 
of plates, Ibis thus likeanancient | “fish” at all, for fishes are back- 
warrior clad in plate-armour. boned animals. There are al i0 
“shell-fish” that are not Crusta- 
ceans, but soft-bodied animals. 

(b) The hard shell is in one (b) Inall the Vertebrata the head 
piece on the broad part, or the | is distinct from the chest. But this 
“ойу”, of the crab. This broad | is least so in the Fishes, which 
part includes the ‘head ; for there | have little or no neck, and form 
are two eyes in the front. We | the lowest class of the backboned 
generally find the eyes of animals | animals. 

on their heads, or on the front In crabs, there is not the slightess - 


part of their bodies. trace of a division between the hed + 
The hard shell also extends +o | and chest. 27 


the limbs, which are jointed. The So on this ground, too, as wel’ 
Crustaceans are therefore included | as in the absence of a backbone 
amongst the '*Jointed-limbed" | the Crustaceans are very different 
Animals ( Arthropoda). from the Vertebrata, 


Suggestions and Inductions. 


(M72) 


CRABS, LOBSTERS, AND SHRIMPS. 


ORUSTACEANS. 


18 THE OBJECT LESSON HANDBOOK.  PÁRT III. 


Crass, LOBSTERS, AND SHRIMPS— Continued. 


Experiments and Observations. 


Suggestions and. Induetioy2z 


(c) Tucked underneath, is what 
some folks might call the “ай”. 
But we see in the lobster, shrimp, 
and prawn — where this part is not 
tucked under the other—that this 
is not the tail, but the belly (ab- 
domen) of the animal. 

(4) Our bodies have also a head 
and a belly; but they have a chest 
(thorax) between these. е 

So in the crab, this broad part 
in front must be made up of both 
head and chest joined together. 


(е) This gives us two parts in the | 


crab; namely, Head and Chest in 
one, and Belly in the other; cr 
Crab: (1) Head + С! ? 
(2) Belly, or, 
Crab: (1) Head 4- Thorax. 
(2) Abdomen. 


(/) - There are ten limbs, in jive 
pairs, of which the first pair are 
nipping claws as well as walking 
legs, and are much larger than the 
others. The legs are all jointed. 
Jointed-limbed Animals (Arthro- 
poda) include also the insects 
and spiders; only the insects 
have six, and the spiders eight, 
legs. 

(0) The eyes of the crab are set 
at the ends of stalks, 

(h) Near the eyes there are 
“feelers”, in two pairs, which in 
the crab are short, while in the 
lobster one pair is very long. 
These, like the elephant’s trunk, 
are made up of rings, so that 
they can bend very easily. In the 
lobster they bend back ds. 

. (i) Between the joints of the 
limbs there is tough skin, which 
Serves like the leather hinges on a. 
rabbit-huteh. This strong mem- 
brane allows the joints to move 
freely on each other, and yet keeps 
o from getting inside 


(c) We can easily СТ that the 
partof thecrab undern th (no head. o 
and chest is not a *'tail^? but isa 
belly, for it has a long pipe ruining 
through it from the stomach, like. 
that from the stomach об ihe 
Vertelirates. 

(4)-(е) If we look аба Bee, and 
then at a spider, we see that the k 
bee (Vide Stan@ard II.) has (hree 
рама to its body (head, chest, and , 
belly). But the spider has only 
tito parts (head and cheat in one, 
and he belly for the other part). 

So crabs, etc., are more like spiders 
in th than they, are like “ 
insects ncarertospiders; 
also, in number of leys.2 But there 
are other ways in which crabs, etc., 
resemble insects rather than spiders, - 
аз e.g., in having feelers. S 

(/) We can put these “jointed- 
limbed” animals in their classes 
thus— E 

(1) Insects. (Ins 

legs. 

(2) Spiders (Arachnida) 

eight legs, 

(3) Crustaceans (Crustacea) with 

ten legs (or more), 


t 


cta) with six 


witi 


(g) For this reason they are 
called. “ stalked-eyes”. 

(л) They are plainly meant A 
serve like the whiskers of the ca 
and other beasts of prly. They 
sway about with the slightest 
motion of the water, and so tell 
the crab (and lobster) when. the 
tide is coming in, and when Food 
is passing. 

(i) In the grub, also, of the 
butterfly, etc., the whole outen 
covei&ug is tough skin. so that the. 
creature can bend at any of the 
places where the separate ringo 
come together, 

We can only bend our bodies, or 
limbs, at our joints. 


т 


э 


© loosely joint 
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CRABS, LOBSTERS, AND SHRIMPS—Continued. 


ESporiments and Observations. 


Suggestions and Inductions. 


ТГ. Thetxab’sRelations. (a) Lob- 
9 ster.—(1) The Jobster also lives in 
the sea like the crab; but it does 
not forage about so much for food. 
‚М rathgr keeps in holes, and lies in 
wait for it. It can readily do so 
because,it has long /eelers, which 

* sirete] ont in advance of its body. 


(2) Besides, its Муз not tucked | 
‚+ der its head and cl 


„ as in the 
crab, but is stretched out; except 
when tl? lebster sharply draws 
it underieath, to enable itself to 
dart backwards through the water. 

(3) The live lobster is of a pur- 
Plisly black colour; this changes to 
av Bright when the lobster is 
boiled. 
(4) "he lobster's “nipping clau 

a wé much stronger than the crab’s. 
But this pair of legs is much more 

ed to the body in the 

lobstas than in the crab, and often 
the front legs come out of their 
fastenings (attachments) when we 
take up the lobster by them. 

Like the crab, shrimp, and 
prawn, the lobster has /en legs. 

(b) Shrimp апа Prawn.—The 
shrimp and prawn arc cousins to 
the crab and lobster. 

The prawn is more likethelobster 
than the shrimp is; for it also has 
а beak in She front of its head. 

"The shrimp lives on sandy shores, 
and hides in the sand which it re- 
sembles in colour. The prawn 
злоейу hides in holes in the rocks: 
like the lobster, it turns red when 
it is boiled. 

(с) Sandhoppers.— These are to 
фе obtained at the seaside only, 

"sand are most like the slfrimp. 

"hey have, however, seven pairs of 


‘Walking legs. 


lI. (а) (1) If we put a lobstei 
shrimp, and prawn by the side of 
each other, we see their likeness 
(except for size, which never counts 
for much) in a moment. But we 
have to seek closely for their like- 
ness to the crab also. When we 
have found it, we then have to 
look for any differences. 

(2) This sudden bending and 
straightening of the lobster'$belly 
may be illustrated by bending a 
bit of whalebone in the fingers, and 
letting it straighten again. 


5 


(3) The crah is of nearly the 
same ‘colour both boiled and un- 
boiled, “= 
_ (4) "The strong hard “teeth” of 
these front claws show that they 
are used for erushing hard sub- 
stances between them. The size 
of tlie nippers, too, tells us that 
they have great strength to do 
this. The same thing is shown 
by the tough strong muscles in- 
side these claws. 


(h) We notice that these two 
are much alike in general shape, 
е, colour (before boiling), and in. 
all the other points of the Crus- 
tacea, such as shells, plates, jointed 
limbs, etc. But as their ways of 
living, and the places where they 
live, are rather different, some 
smaller differences in their build 
and organs (structure) are to he 
expected, and ite found to exist. 


(c) These must belong to the 
Crustacea, because of their shelly 
plates, jointed limbs, ete. 

° 


э 
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TEACHING 
2 o t 
1. The teacher should note that this type (а a the 


NOTES. | 


first of a series of three, selected in these lessons to, represent 
three of the es of the Jointed-limbed Animals (ЛАМоройи). € "4 
It has not been deemed necessary to deal fully with the remain- 
ing Class (Centipedes, etc.). S 
Children gain knowledge of the Animal Kingdom, either by^ 
beginning with the Aighest groups (Vertéorata), descending to ihe . 
lower (Invertebrata); or in the reverse order. The former range d 
from Mammals down to Fishes; and the latter work dowifwards 
to mere lumps of living jelly-like substance. 9 
По The teacher should buy а small /obster, and crab, in season: 


and keep these preserved ir of wine (methylated spirit), in Nast 

glass jars for demonstratior shrimps and praw fé so long 7 Ei 

in season that they can be generally pfoeured at all times except та 

in the depth of winter. Enlarged drawings of the four large E 

types, set side by side to"show likenesses and clitferentes, will 

also be useful. ср | 
с, г 


require a hard protective covering, like the beetles among insects. 
They also move about very quickly in Locomotion, and so сона 
not carry about their houses on their backs, as the whelk does, + 
They, therefore, have a lighter shell, and one fastened firmly оп, 
them. A crustacean casts off its shelly covering once a year, when 
it becomes too small for it, ju grubs east their skins.” The 
provision in structure, for 


А & d 
These Crustacea mostly live among, and under rocks, so they я 
l 


teacher should insist on this particular 
the ereature's special needs in growth. 


5. SPIDERS, (Reaper IIT, p. 24.) 


Illustrative Objects. А live spider; pictures of a cobweb, 
and of various kinds of spiders, as hunting spider, garden — ^ ' 
spider, and water spider. 


Experiments and Observations 


I. Spiders are not Insects.— (c) 
We have already scen that spiders 
stand among the Jointed-limbed 
Animals (Arthropoda), half way Ke- 
tween crabs and insec 
they have git le; Е 
in crabs, nor six, as in insec 


There are other points of differ- | 


LER 
| Suggestions and Inductions. 


I. (a) Most insects are small; 
but not e 
insect (id 
ie spider must be one of the 
| Jointed-limbed Animals, for all it& 

limbs are jointed, as in crabs and 
| insects. Its body, however, is not 
enclosed in shelly plates, as in the 


y small creature is ax 


9 


fra, Insects.) о on 


Trap-loor Spid 
and А 1 


orth America. 1, The Spider. 
in front and profile, 4, Seo 


Ce lid, made 
i CORRER Sei 
spider “is. inside, ‘and çan 
ulshed from the ground. 


down 


of alte е 
when the 
scarcely be di 


SPIDERS. 
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SPIDERS— Continued. 


Experiments and Observations. 


2. 
Suggestions and Inductions. 


ence indicated below, separating 
them from the Crustacea and the 
Insecta. 

(0) Their bodies are divided into 
two, not into three parts, as in in- 
sects, 

(c) Spiders, moreover, never haye 
wings; and insects gene rally have 
either two or four, in pairs. 

' 


(d) They have as many ав eight 
eyes, while insects have only two 
(compound? eyes). Their eyes, 
too, are on the top of their heads, 
not at the sides. r . 

(е) Spiders do not go tlirough 
the che»ges (metamorphoses) that 
insects do, as grubs, then as pipe, 
and lastly as the ‘perfect insect”. 
They are “perfect” spide: though 
small, even when they first come 
out of their eggs, 

(^) Spiders have poison (venom) 
in their jaws. This insects never 
have, though they may have it in 
their stings. Many spiders spin 
webs, which insects never do. 

IL Description. — (а) Spid 
have bodies divided into two p: 
often with a very slender “ма 
between them. In this sub-division 
of the body they agree with the 
Crab Family (Crustacea). 

(0) Spiders generally travel on 
land or water by means of their 
legs, like crabs. Some of them 
can also travel through the air, 
but not on wings. These shoot 
опі а long fine thread, which the 
wind carries before it with the 
spider attached to the end, as a 
fish might be borne down stream 
at the end of a fishing-line. + 

€ (A A spiders eyes, which are 
not at the sides of its head, but 
on the top Surface, are separated, 
50 as to be able to look all 
round, as the crab does with its 


Crustacea, but in a Pena leathery с. 
skin. Ж 


(0) We often speak of a woman's. 
narrow waist as а “вриег мала”, 
becausé of this division. 5 

(с) As they do not OsSeSg wings 
they cannot fly in the air? they 
live on land (08 water) and legs 
suffice for locomotion. : 

, (d) "These eyes are too small for 
tls to see; but not tog snxill for the 
spides to see us with. They can 
make good use of them in peeping 

about for prey. . 9 \ 

(c) In this respect they are like 
birds, coming out of “heir eggs; 
not like tadpoles and insects, 
which begin life as one kind of 
ature, and end their days-in 
another and ‘убу different kind 
of form. 

(Л) In having poison they are 
like poisonous snakes, like the 
scorpion, and even like some 
poisonous fishes. Е 


П. (а) The s of the waist 
differs very much in the different 
members of the family, аз we see 
in the pietures of the hunting, 
garden, and trap-door spiders. 


H А n X 
(b) This explains why hunting 
dogs in autumn sometimes wipe 
their faces with their paws, after 
they have been ranning amongst. 
hedges and bushes. "The long 
threads of the “gossamer” spider 
have blinded their eyes. We see 
these threads and cobwebs or 
hedgts, from the dew beads ên- 
them glittering in the sunlight. - 
(c) Our eyes and the eyes of at 
the other backboned animals are 
single: that is, single in the sense 
that each eye is really only one, 
like a window consisting of one 


Ж 
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SPIDERS— Continued. 


Experiments and Observations. 


Suggestions and Inductions. 


© stalked eyes. The spider has no 
“feelers, as crabs and insects have. 
This makes a larger number of 
eyes than usual all the more use- 

* ful to the spider. я 
d) The spider makes its own 
‚ poison," This flows down from 
the poison-bag through the bot- 
tom jaw, so as Фо run into the 
. wound which the spider makes in 
biting. It thus stupefies the gnat, 
fly, ete., *vhipeh has been bitten. ? 

But, though this venomg thus 
kills the prey, yet when the spider 

-~ eats the prey, the poison does not 
hurt the spider itself. 

As the p@ison is made out of the 
spider's food, the same fly which 
furnishes a meal to the spider also 
feonishes the material for the 

* poison with which another ‘‘meal” 
ə may be secured. Б 

(е) Some spiders make **ne/s" to 
catch their prey. "реве nets are 
called “cobwebs”. They are made 

f fine, but-very strong, “silky” 
threads. These the spid s 
out of à thick, gummy liquid made 
inside her own body from the 
juices of her food. 

The *spinnerets", from which 
these threads come, are at the end 
gf the body (abdomen), and are 
trom four to eight in number. 

Spider also make ‘‘silk”-bags 
of cobweb in which to hold their 
eggs. One kind (the trap-door 
spider) lines holes in the ground 
with this web, and out of the same 
material even makes trap-doors, or 
lids, to fit these holes. а 
a (f) Some spiders do not lie in 


= Wait in or near cobwebs tc catch 


their prey, but craftily Aunt it 
down. 3 


p 


pane only. But what we call the 
“еуе” of insects is really ап “еуе- 
mass”, like a window of many 
panes, through which one can look 
out at the world outside. 

(d) Animals which are killed by 
others do not often suffer much 
pain, nor fright. They soon die 
from shock, just as if they were 
stunned, and во do not; feel 
whati3beingdonetothem. Some- 
times this is still more the case 
when poison is used, as by venom- 
ous snakes, scorpions, ete. It is 
verystrange that the poison which 
kills the prey, does no harm to the 
animal that makes and usesit. It 
would seem from this that what is 
poison to one animal is not so to 
another. This reminds us of the 
proverb, **Whatis one man's meat 
15 another man's poison". 

(е) Every different animal has 
its own way of snaring, or taking, 
its prey. 

The cat and tiger stealthily wait 
for it, the lion runs it down, some 
dogs scent it out. Lobsters “feel” 
about for it with their ‘‘feelers”’. 
Spiders catch it in “nets”, as bird- 
catchers and fishermen do their 
prey. 

Bees similarly make honey and 
wax inside their bodies out of their 
food. The spider, instead, makes 
Material for spinning cobwebs. 
But thismust comefrom her food, for 
if we break down her ecbweb, time 
after time, so that she can get no 
food, at last she can no longer spin 
a web. 

(7) But even these huntingspiders 
are crafty in their approach. They 
ereep up to their prey like a cat, 
rather than run it down like a dog. 

gie 


Til. The Cobweb. — (а) First, 
the spider squeezes out a little 


;of the thick, gummy liquid from | 


ПІ. (a) These holes and swell- 
ings out of which the threads come 
are called ‘‘spinnerets”, because 
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one of the bags inside her. It 
comes out of the tiny holes at the 
ends of the *'spinnerets". This 
liquid she sticks on a twig, etc., 
and walks away, drawing out 
the thread as she goes. The 
thread at once ‘‘sets”, or becomes 
hard and strong. It is really 
made of several threads spun or 
twisted together. (Vide Standard * 
IL, Cotton.) D 

(b) This is the beginning. The 
end is, that the spider has made 
a radiating framework like the 
spokes of a wheel, and joined 
these “spokes” by cire lar (cpiral) 
threads, Theselatter threads have 
thousanss of tiny drops of gummy, 
sticky fluid beading them, to hold 


fast the insects that settle on 
them. 


тата т eee 


IV. Spider Family. There аге 
many members in this family. Be. 
sides garden, hunting, house, and 
trapdoor spiders, there are also 
water” spiders, sea spiders, and 
cheese nites, 


they spin. Spinning а 
sists of twisting round each other 
several finer threads (of cotton, 
linen, etc., and even of rope), to 
make one stronger thread. It i$ 
so heit, We see from this tliat 
ian might have learned "how to 
spin from so lowly a ereatüre aS 
the spider. Many other animals 
teach man how to do many other 
kinds of work. 

+(6) The framework isglike the 
spokes of a wheel in‘ the sense of 
the “rays” all coming.out from a 
centre. The spirals are something 
like the rim of the wheel. Only 
there ave many rims, an@each Gneis 
not a complete circle, but they all 
run round in a corkscrew fashion, 
or what we call a “spiral”, 


©› 


IV, From this we see that we 
сап divide the family іші land 
spiders and water spiders (in fresh 

t water), just as we dividé 
birds into land birds and. aquatic 
| birds, , 


TEACHING NOTES, 


Т. There is a 
(except so far as spiders 


housewife or maid-servant). The 


prejudice against 
are recognized 


spiders, which is unfortunate 
as indications of an untidy 


i eor teacher should attempt to combat: 
this prejudice, by dwelling ой the 


structure and their webs to their 
It is very important to diserir 
and Insecta, 
better done after 
should place together 
a bee; that the cl 
obvious differences betwee: 
two Classes, 
* IH. In the country this lesso; 
in front of sn actual cobweb, 
radiating supporting “beams” 
maile fast, should be sho 


n thes 


as the error of confusion 
the next lesson on Insects, 
in a small glass vessel 
ass may see for themse 


"wn, and attention calle 


adaptation of means in their 
life-work. 
ninate between these Arachnida 
15 ѕо common: but this will be 
Here the teaclier 
а common spider and. 
lves some of the more 


е, аз representative types of the ` 


n may be given in the playground 
The plan of are 


hiteeture, and the 

spiral “rafters” are 

d to the many points: 
x 


1 which the 


а 


0 
Lm INSECTS; THEIR STRUCTURE. 95 
of support. With regard to the soft sticky little beads on the spiral 
э о threads, notice that these do not “веб? with the rest of the thread, 
| but remain sticky for days. Point out the advantage of this to 
| the “netmaker”, in holding fast the captured prey. m 
o 
AP 
E 47 6. INSECTS : THEIR STRUCTURE. 
< в (READER IIL, p. 29.) 


о ар 
> Illustrative Objects. A living and а dead bee, wasp, 
cockroach, beetle, housefly, and butterfly. A moth, a grub, 
tind a chrysalis. As many pictures of insects as can be 
procur&d. , A diagram of a^typical insect, divided into three 
principél portions, and e&ch of these sub-divided into segments, 


I. Special Insect Structure. — (а) 
We have already, in the lessons on 
the Bee and on the Spider, ed 
that the following are the chief 
points in which insects are differ- 


I. (a) Although insects have 
jointed limbs, like animals of the 
crab and the spider classes, in 
many ways they differ from other 
jointed-limbed animals; just as 


| a ent Grom other Jointed-limbed | cats differ from some other beasts 
animals :— of prey, to which in other respects 

Uem o they milar, 
(1) There are three pairs of (1) We see that these legs 


jointed leys, carried on the middle 
portion, or chest (thorax). 
(2) The belly (abdomen) has no 
limbs attached to it. 
(3) There is only а sinyle pair of 
- Jeelers (antenne). 
© (4) There are mostly two pairs 
of wingspcarried, like the legs, on 
the chest. 


| (like the win 
that, as in crabs and spider 
| are not fastened on the belly 
on the chest. 
(3) In the lobster, etc., there are 
tivo pairs of feelers, 
n The wings of insects differ 
more than any other of their organs, 
| except the jaws. 


5), are in pairs: and 
they 
but 


(b) We may now go on to note | 


from the specimens some other 
marks of insect structure :— 

(1) Inseets breathe by means of 
breathing tubes in the sides of the 
body. These haye mouths open to 
the air, but are often protegted by 

^ fine hairs to keep out the dust. 
= ‘These hairs will also, for a time, 
keep out water. 

(2) The head, chest, and belly, 
are all distinct from each other. 


| (0), (1) Insects have neither lungs 
| nor gills to breathe with. Танай 
the open mouths of the fine breath- 
ing pipes let the air into the in- 
terior of their bodies, as our mouths 
Яо into the small vessels of our 
lungs. o 9 
(2) The head andgchest do not 
| run into one mass, as in the case 
| of spiders and crabs. 


d 


.^ . with the appendages. e 
D - э 
Pxperii@ents and Observations. | Suggestions and Inductions. 
чш et m ee 
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(3) The body is made up of rings 
(segments); with limbs, or other 
organs, as wings, feelers, jaws, 
etc., coming off from some of these, 
"These rings are most plainly seen, 
generally, in the belly portion 
(abdomen), 

(4) There is an outside tough 
skin, or outside skeleton. 


-(9) Some insects have, in addi- 
lion, front wing-cases, hard and 
tough, to protect the hinder wiugs, 
45 in beetles, These are to suit 
special needs. о 

(6) The jaws are generally’ 
biting (Ge chewing) jaws, 
beetles; or sucking jaws, or 
similar organs, as in butterflie 

But in some instances the 
are used for both biting 
ing, as in the bee, 
the special needs of the 


(7) The eye 
simple, but a 
many single on 
often stalked like 
crab. 


ie not single, or 
made up of very 
they are not 
those of the 


[ IL. Changes of Insects. —(a) 
Some insects have three different. 
lives; or rather three different 
Stages of one life, These are :— 


(1) The grub, caterpillar, ie 
104116. stage; in which eating is 
almost the only kind of work done ; 
as in our common" garden cater- 


illar (grub shita UA: 
bier of the white cabbage 


. (2) The chrysalis, or пра. stage. 
In which the grub aoe ae я 
Cocoon, or coffin-case, of its омй 
Spinning or making, to lie by fi d 
time, eX to rest from rois e 
this tithe of lying Ly 

chrysalis is either ub M 

g or 


(3) We saw in a previous lesson œ 


that the earthworm also consists 
of rings. But in that case ‘the 
rings were nearly all alike; not, 
making three diferent divisions 
of the body, as in the insects. 


(4) This skin is not shelly, as 
in the Crustacea; nor made of 
‘scales, nor plates, as in fishes and 
reptiles, 

%5) As these insects gsnerally 
make holes under groundzor crawl 
under rocks and stones, we see why 
these tough front win, сахех, Or 
wing-covers are só useful, v A) 

(6) The kind of jaw wall depend 
on the kind of food eaten. When 
this food is wood, leaves, ete., the 
jaws are biting. When it ds 
liquid food, the juice of flowers, 
ete., they are sucking jaws. Bees 
king jaws to get 


must have suc 
the nectar of flowers from whith to 
make honey. 

(7) We can see either out of ond’ 
large pane to a window, ov out of 
many sinall panes in it. The latter 
may be roughly compared with the 
“compound” eyes of insects, 


II. (a) These stages of insect life 
remind us of the tadpole and frog 
Stages among the Amphibians, anc 
of the different modes 02 life on 
land and water, 

(1) In this work of eating, the 
caterpillar is like the young of the 
backboned animals, which are 
mostly, however, much more help- 
less, “and dependent on their 
parents than grubs are, 

A) If 


ch 


ysalidés ransacked out of a dry 
Cosy corner, or from a sheltered. 
hole in a tree, wall, ete., we see 
how snug, safe, and warm the 
1ойрег? jg inside. It seems to 


be dead and buried; but its life is 


x 


we examine one of these, - 


> 
: THEIR STRUCTURE. 
эо 
| е о 2 
Ш o 
що 
ecc 
€ 
* o 
В ° 
ЦИ PC vw 
D, 
B 
‚+ 
< 
э 
o 
"re 5 
P 
2 
$ » Diagram showing the parts of In 
. «3 а, head; b, thorax; с. abdomen; dd, elyt 
7/, antenna. 
| | , 
j ^ 


|: ED 
| E 
| » 
| E 

297567 
| 
| ^ 

Metamorphioses'of the Cabbage Butterfly, — 
7 а, The eggs; б, caterpillar; с, chrysalis; d, the perfect insect- 
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winter to pass, or is slowly 
changing into its final form (the 
““imago”). 

(3) The “perfect insect” for 
in the butterfly 


пи, as 
and moth; with 
jointed limbs, and. mostly with two. 
or four wings, 

In this stave the winged creature 
flies abont for a longer or shorter 
time; and the female lays eggs to 
produce another generation of its 
own kind of ir 

(0) But some insects do not 
pass through all 
Such insects, when 
never hav 


these stages, 

full grow: 
wings, and Гого this 
reason they are called “Wingless 
Insects come out of their 
eggs at first just of the same shape 
as they remain all the rest of their 
lives, only they are smaller than 
when full grown, 


IIT. Metamorphosis,— (а) T 
Series of changes in structure 
through by an animal after 
ing from the egg is kno 
name of Metamorph 
most marked, and is с 
the greatest extent, 

(6) But. these 
imited to insec they 
found among other ani 
backbones (Myriapoda 


he 
passed 
atch- 
wn by the 
This is 
d out to 
n insects, 

changes are not 


1), and even 
among the раскопе animals 
(Amphibia), аз well seen in theg| 
tadpole. 


(c) These 
Mages in development s 
habits and s 
animals un 
wel 


\ and frog, 
different, stages dr 
лег ey normal 
Вос! requently cannot т 
Severity of Winte = ak 


ore off; 


en have 


only “dormant”, or aSleep for a 
time. 2 


с 


с 

(3) This stage is “perfect”, be 
cause it is the last and. highes 
теасһе by the insect. All the 
parts (eyes, wings, etc.), ake now. 
full-grown. We see the resitits of 
the work of thee'perfeet insect.” 
fof the white cabbage butterfly, in 
the eggs it lays on the under side 
ofvabbage leaves. 
(^) We see во 

| kind among birds, 


e 
methingeof this 
оше 


мша without 4 ‚ when ~ 
ire first hatelied, e.g., linnets, o 
canaries, ТКБ, Ste. 


Others are born. with feathers, ov 
down; as in the “fluffy” chickens 
able from the first to pick up their 
own living, 


g. 


ПІ. (а) The prefix meta is*üsed 
in words to denote change, while 
morph is from a word meaning 
shape, or form. Тһе word metas 
morphosis, therefore. refers to 
change of form, or alteration of 
structure, 

(b)-(2) As animal structure de- 
pends on function, and funetion 
reacts on structure, any great 
difference of surroundings (ав be-® 
tween winter and sunmergaquatic 
ind terrestial environments, etc.), 
must tend to bring about differ. 
ences of 

Thus 


sects are hatched” 
in water; and the larva stage of 
their life is therefore passed in 
aquatic surroundings, 9 

Ata iter stage they live on and, E 

in the air, Their structure 
must therefore be metamorphosed, 


to enable them to crawl or to fly. 
therwise 


or 


и с they would perish, and 
in Which they lia Us m Period, | the rave become extinct. IEE 
Y» With all the | could not maintain the “struggle | 


5 


a 
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processes of life checked for a 
time. 

(4) Even if they could resist the 
severe cold, there would still be 
no vegetable food—green leayes, 
fruits, nectar of flowers, etc.—to 
sustain them. This intermediate 
passive stage of existenee between 
the actively feeding grub, and the 
active, pleasure-taking “perfect 
insect, is therefore ne Jy to 
their continuance as а ra 

le) Again, the egg of a bird con- 
tains sufficient nourishment to sus- 
tain the young life within it for a 
long time. The eggs are thus 
“baby”, “cradle”, and “feeding 
bottle" rU in one, as in the seeds 
of plants. 


(7) But, in other cases, the eggs 
of animals do not contain sufficient 
nourishment to enable the “baby” 
to start in the race of life on its 
own account. The young when 


hatched therefore, only in an 
incomplete form, They must 
undergo great changes in develop- 
ment before. they can perform all 
the duties of life specially that of 
laying eggs for the continuance of 
the race. Tt is thus that the 


butterfly only lays eggs—-not the 
caterpillar, nor the chrysalis. 

But all insects are not alike in 
this respect: so we divide insects 
Into two groups :— x 

(1) Those not 


undergoing meta- 


morphosis, 

(2) Those undering metamor- 
Phosis, 

(1) The 


Wingless Insects (Ap. 
tera) represent the former, Ху неп 
full grown they are of the same 


* against those better 


for existence" 


fitted to осепру the room, and © 


to take the food, of which they 
seek to obtain a share. + 
©, 
о Y ° 
е 
Natio 
с 
o 
е p i.m. 


Tto) Among birds there afe differ- 
ent stÊges of development, when 
the egg is hatched. Some are 
fully fledged, and expable, from the 
egg, of foraging for themselves 9 
with little parentalaid; aschickens. 
Others аге unfledged and helpless 
for days after hatching, 

(7) As the most powerful agent 
in modifying function Sood, it 
follows that food-supply is also the 
most important cause of change of 
structure. 

Some insects, from the first, haves 
sucking, and others biting jaws, 
according as their food is the liquid 
nect: f flowers, or the solid leaves 
of plants. 

As may be scen in the caterpillar 
of the common white butterfly, 
and in the perfect insect itself, the 
animal, when in a “larval”? state,o 
has biting jaws, but is fyrnished 
with sucking jaws in its fully de- 
veloped state. ‘This is to meet the 
Special needs of special stages of 
existenc te 
1ese changes in insects lead us 
to understand the metamorphosis 
of animals generally. That is to 
say, the animal world shows simi- ^ 


lar chaflges of developmentinother < 


instances, Only, the changes be- a 
come most marked, and obvious, 
in the partieular case of the Com- 
plete Metamorphosis of the larva. 
into the pupa, and the subsequent 


: ES 


э changed Бу metamorphosi 
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(а) Those that are incompletely 
m 
which the difference between the 
* grub (larva) and the perfect insect 
(imago) is not great. 
(b) Those that are completely 
changed ; in which this dirference 


€ 


change of this into the imago, or 


perfect insect. 


is mosf marked. 
Gr aras 


D - 


» 


» 7, INSECTS: RELATIONS AND VARIETIES? 


Ss 
Illustrative Objects. , The same as in the preceding lesson. 


"Experiments apd Observations. 


Пс Баа 
т. Relations to other Animals.— 


* (a) Insects belong to the great sub- 
kingdom of tlie Annvfosa; and, in 
cemmon with animals of that sub- 

“ kingdom, they possess the following 
е „o general characteristic: 


o 


l into 


(1) „Ге body is di 
rings, or sements. 

(2) There is а double nervous 
Thain running along the length of 
the body. 

(3) Limbs ave generally present 
at some stage of life. 

(b) The simplest ‘ype of these 
may be represented by a succession 
of Segments (as in the caterpillar), 
yitha food-tube, or digestive tract, 
running. through all of them. 
Parallel То this, but not extending 
through the whole length of the 
body, is a circulatory tract, ог 
hlqod-vessel. Both the circulatory 
ind digestive tracts are enlarged 
in the middle, thus faintly fore- 

_ shadowing the heart and stomach 
*of the higher animals. 


two groups :— 
? (QU Those without limbs dis- 
tinctly jointed to the body. as 
Worms, etc. 


(2) Those with jointed limbs dis- 


t © (v) The Annulosa are divided into | 


| smaller groups called “ Divisions 


| group 


Buggestions and Inductions. 


I. (а)-(«) There аге до many 
very important likenesses between 
worms, erabs, spiders, centipedes, 
bees, ete., that we obliged. to. 


group these animals together. 
This lar, roup of animals is 
known “дир Kingdom". 


But the also differences be- 
tween the membe this Sub- 
Kingdom. s, how- 


d as the 


of which there are two, as below :— 
Sub- Kingdom, Annwulosa- 
Division I., Worms, etc., An- 
arthropoda. 
Division I., Arthropoda. 

Of these two divisions, the latter 
А the more important, so we here 
dismiss from our minds the smaller 
and less important division of the 
worm: Y 
Amongst the Arthropods there is 
enough. resemblance to cause us to 
them together under a 
"Dirision; there is enough diff 
ice to make us divide them into 
four distinct Classes. = 

The likenesses and the differ- 
ences are set down inthe left-hand 


column. 


etc. о 


e 
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tinctly articulated to the body, 
hence called Jointed-limbed Ani- 
mals (Arthropoda). 

"These latter are subdivided into 
classes, vi; 

(1) Class— Crustacea: crab, lobs- 
ter, shrimp, prawn, ete. 

(2) Class — Arachnida: spiders 
and scorpions. 

(3) Class — Myriapoda : 
pedes. 

(4) Class — Insecta: Dees, flies, 
ants, ete. ө 

All these four Classes agree in 
the following respects ;— 

(1) The body ig divided into 
segments, 

(2) There 
limbs, ог oth 
of the body. 

(3) The nervous system is 
ranged in a double chair 

“length of the body. 

(4) The [va ‘consists of from 

our to six segments, 


centi- 


are hollow, jointed 
er articulated parts 


t along 


СА 

One of the most obyious@liffer- 
ences in the four Classes is the 
number of limbs. There are tery 
(five pairs), as a rule, in the Crusta- 
cea, Whence their name of decapoda, 
or ten-footed animals; there are 
eight, (four pairs), inthe A rachnida ; 
there are six (three pairs), in the 
Insecta; and the limbs are more 
numerous thin ten in the Myria- 
poda, whence their scientific nani 
“ten-thousand footed "wand their 
popular name of “ hundred-feet ”, 

But obvious likeness and differ- 
ence are not often important. The 
important features are generally 


шоге с seated, and require 
search to discover, as їп the 
nervous, circulatory, and digestive, 


systems, etc. ^ 
Such deep-seated likenesses and '^ 
differences as these are the Keys te, 
others, and enable us to roup to- 
gether animals that —at fest sight 
—seem to be removed, and to 


55 à 
[4] 


* (1) 


| 
е 
“ге 
| ae months; аз the green fly (**aphi: 
J 
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In addition to these character- 

© istics common to the Arthropoda, 

the insett portion of it possesses 

' the ’special features given in Set- 
2 Поп 1. of Lesson б. 


Suggestions and Inductions, 


separate such as—at first view — 
seem to be connected. 


D i. Kinds of Insects. — Tn Lesson 


= G, we divided Insects into two 
a great divisions. 

But there are % many insects, 
and they are in so many ways 
ететі from each other, that we 
again siv-diyide them into smaller 
groups. * e ~ 

Among the most important of 
these smaller diyisions are the fol- 
dowipg de» 

Those without wings: as in 
birds and other 


ihe vermin on 
animals, 

Q2) Those with to pairs of wings 
(generally). апа with — su 


(8) "пове with straight wings 
with 
as in 


ке the cockroach; often 
strong hinder, jumping le 
the ericket and grasshopper. 

Of these straight-winged in: 
the cricket lives in the hous: 
the grasshopper in the field. 

(4) Those with wir full of 
“реге? or hollow “r to let 
in the air, and looking like lace; 
as in the,dragon-fly. 


(5) Those with a front pair of 
wings only: as in the house-fly. 
This, however, has other struc- 

* tures (*balincers”) showing that 
both pairs of wings are represented. 


(6) Those with scales (fine 
feathers), on their win, as in 
* butterflies and moths. Хоће fly 


t night, 


about in the day, other 
ight, or at 


nd others again at tw: 
dusk. 1 
(7) Those with four wings, with 
few "nerves" to them, as bees 


П, In the same way among 
beasts of prey (Carnivora), there 
are so many that we are obliged to 
„make another sub-division, Cats 
and tigers, for instance, ar® alike 
in their characteristics ; but they 
are also unlike dogs and bears. 


e in nearly all the divisions of 
animals; they all sub-divide into 
sinallér groups. 

(1) These keep to theapimal on 
which they prey ; so do not require 
wings with which to fly about. 

(2) These have the proper num- 
ber of wings, as insects; but differ 
from the rest of winged insects in 
other respects. : 

(3) These co 


oaches are not 
“beetles”, as they are often called 
(“bla beetles”); and are not 
black, but of coffee colour. The 
*jumpers" with their large hind 
legs remind us of frogs and kan- 
garoos. 

(4) These hollow wing-ribs re- 
mind us of the hollow bones of 
birds: both are useful for the 
same purpose,— to make theowners. 
light on the w ES 

(5) We see behind the front wings 
the **4nobs", ov “balancers”, which 
show that these would really com- 
plete the four Wings of insects, if 
they were properly developed. 

(6) These “scales” come off in 
our hands when we capture butter- 
flies, etc. Under the microscope 
the scales are seen to be “feathers” 
of most beautiful colours, anl of, 
various shapes. У 

(7) It is amongst (hese that we 
get the “social” insects; or those 


5 (M3) 


c 


This is found to be the case like- “ 
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(hive- and humble-bees), wasps, and 
ants. 

(8) Those with hard horny front 
wings, used as cases to protect the 
hinder pair, when the insect is 
crawling under stones, burrowing 
in the ground, etc., as in beetles 
These are called “ wing- 


that club, live, and work together 
in a common house, hive, or nest. 
(8) Among thesearedung-beetles, 
which lay their eggs in ballo of 
manure, and roll these about to 


о 


make them hard-and firm, thus pro- 3) 


viding food for their 


young wher 
hatched. ае 


Ka 6 


TII Relations of Insects to Man, 
— (a) Of Good Service, 2 

(1) Some make waa and honey; 
as bees. 

(2) Some creep into flowers and 
make their seeds fruitful, во ав 


these will grow into plants; as 
bees, et 
(8) Some are used in making 


dyes; аз the cochineal insect, for 
red dye. 
(b) Of Il Service. 


(1) Some troublesome as 
pests in the hair (vermin), or under 
the skin (as in some skin diseases), 

(2) Some eat the roots of plants; 
as wi 

(3) Some eat the juices of plants; 
as the green-fly (*aphis"), and the 
black fly, or “blight”. 

(4) Some eat the leaves of plants; 
as the saw-fly, ete, 

(8) Some eat up а/ the plant; аз 
locusts, 

(6) Some eat the timber of houses; 
as ants in some hot countries, о 

(7) Others plague man’s domestic 
animals, the cow, etc. ; аз the gad- 
fly and horse-fly. e 


TI. (а) (1)-(3) These creatures 
do not know 
for us. "They work ав ^ur them- 

5. When we taxe Ше bees’ 
we ought to leave them some 
nter, or give then sugar. 
instead. We see sees at their work 
among the flowers, and notice that 
they go down to the bottoms of 
them to get at the sweet juices 
there, 

(0) (1)-(7) Many insects live on 
each other. So it will not do to 
kill all the wasps, or there will De 
nothing to kill tlie игееп- Піо upon 
which wasps feed to a great extent. 
Nor must we kill all the birds; 
many of which also live on insects, 
and specially feed their oung ones 
on grubs: or else the insect pests 
would so increase that they would 
eat us out of house and home, This 
the locusts do in some countries, 
even eating the thatch off the Тоше 
This also ants do in hot countries, 
consuming the wooden pillars and 
framework of the honse. 

But there are insects that ought 
always to be killed, such as fleas, 
and vermin in our hair and skifis; 


TEACHING NOTES. 


The members of this extensive class of animals 
most interesting from their numbers (both of 
dividuals ip each kind); from their relation to 
other animals, especially to the domesticated o; 
service or their disservice to man; from the wonderful 
+ 


5 


kinds and of in- 
flowers, aud. to 
nes; from their 
metamor- 


Я LEVE 


(Insecta), ave 


they are working | 


On 
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phosis they generally undergo; from their social industry and 

government (in bees and ants); and from their general keen 

“intelligence” (instinct), in the use of means to definite, and often 

co-operative, ends. Their lessons to us in this last respect, as 

e quoted im the Bible with reference to the ant and bee, should be. 
constaütly referred to by the teacher. These afford, in the most 
attractive form, a moral as to obedience, foresight, industry, mutual 
help, persistence in overcoming obstacles, and the virtue of making 
Ще most of raw mate А 
3 Theevery treat modification of organs in the different Orders— 
* especially of the wings and jaws— will afford the very best examples 
* of adaptation of means to ends, and of provision of these means, in 
the whole animal creation, ВЪВ is shown in a formedways 
particularly interesting to children, who naturally love insect-life, 
and nfestly, until led astray, fel no disgust at any forms of it. 

At th the cher must take at care not to use 
technical al indiscriminately. Gradually, as op- 
j)ortunity arise ns опациша! life, the children may 

e he led togomprehend that the animal Kingdom is divided into sud- 
kingdoms; these into cla: these again into orders; еве into 
Families; these into genera; these again into speci in each of 
wh ich there may be varieties. 


age. 
age, 


г e. 
С MOLLUSC. i 
8. SOFT-BODIED CREATURES. 
Г (READER IIL, р. 33.) 


B 


„ Illustrative Objects. А living slug, and a snail. A boiled 
periwinkle, whelk, mussel and cockle. A live oyster. Any 
univalye or bivalve shell that gan be procured (as shells of 
whelk, snail, cockle, ete.). 


Experiments and Observations. Suggestious'and Inductions. 


А Snail.— (a) Here is a garden (a) The flesh is soft, and the 
‘snail, which may stand for the | shell is hard. The blackbird and 
* Soft-lbodied Creatures” gerferally. thrush are very fond of garden 
We have already learnt something mails, and they know how to get 
“about these in speaking of the lim- | these soft-bodied creatures out of 
et, mussel, and whelk (Vide supra, | their hard shells, by-breaking the 
ackbones and по Backbones). рн or pecking ont the soft 
esh. 


36 


The Garden-snail. 


1, Eggs of snail ; 


с 
= 
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THE OBJECT LESSON HANDBOOK. 


Shell taken:from egg; 3, Young snail 


PART II. 


Tull-grown snail, 


y 


Experiments and Observation: 


Suggestions and Inductions, ——. 


(b) As in those other animals just 
mentioned, the soft flesh of the 
snail is protected by a shell. 

Like the whelk, the snail is not 
fastened to its shell as the oyster 
is,—a prisoner in its own house. 
The snail can crawl partly out of 
its shell if it requires to do so, but 
cannot entirely leave it. 

(c) As in all those three cases 
above, however, the shell is not 
only at first made by the owner, 
but it is also made larger and larger 
as required by the increasing 
of the animal. 

A fold of soft skin, called “е 
mantle”, covers tle back of the 
snail, and gives out the chalky 
matter to form the shell, 


(d) We see how the snail's shell 
is made larger and larger as re 
diuirgd, by nc g that the largest 
i lastadded. The 
first room is begun at the smaller 


end, and the shell is inereased in | deed, it requires very sharp eyes to. 


(4) То get out an oyster we are 
obliged to use an oyster Ке to 
сш the strong white band that 
fastens the creature inside to И 
ell. But we can pull out à peri- 
winkle from its shell, and could do: 
so to u snail if we could get a good . 
hold of it. 


(c) Crabs, lobsters, ete., also 
make their own shells, Onl y these 
shells ave fastened to their bodies, 
ept when the owners Yast them 


take their place. 
insects do the 


the snail, is done by all the onter 
skin of the crab. a 
(d) We see this spiral turn’ = 
in most single shells, if we look с 
closely enough to find it. Bue 
often it is not nearly so plain as in 
the snail's shell, Sometimes, in- 


ЖЕСЕ ss. 4 | 


EM г 


SOFT-BODIED CREATURES. 37 
Sort-Bopren CREATURES— Continued, 
Experiments and Observations. Suggestions and Inductions. 

o "Spiral of corkscrew shape, larger | find it out; just as everybody does 
chambers being always udded at | not see at first that the house-fly's 
the dater lip. There are thus a | “balancers” are really the “buds? 
number of whorls”, or turns of | of what might become a second pair 

LI i screw, in the completed of wings (Vide supra). 
shell. 

E (е) The snail’s shell, like that of (е) So we may divide our ‘Soft- 
“the whelk and limpet, is all in oue | bodied Animals” into three groups, 
piece. э according to their shells: 

But in the case of the musse! (1) Those with a single ell; 
or oyster, there are two halve (2)"Those with a double shell; 
* the sh; that is, there isa “иа and 
or “door” nged at the bi with (3) Those with ло shell. 
two **folding-leaves" to if. We But those with no shell generally a” 
call these “valves”. haye had a little one when they 
А а were very young. 
2 Хд) Тепа lives on Zand. But (/) We might also.divide the 
it is cousin to the other ‘‘Soft- | **Soft-bodied Creatur nto two 
bodied Creatures” which live in the | groups, according to their Homes: 
xed; and there are also fresh-water (1) Into those living on (ай 
~ us well as land snails. and 
+ 4 : (2) Those living in water (fresh 
(у Phe snail crawls along on here is a creature without 
what looks to be its еу. If we ble to more about from 
et it crawl up a slip of glass, we | place to place, as the earthworm 
see this “belly”, or “oot”, in also does without limbs. But 
constant movement. The snail | though it has no limbs, it has 
draws itself up like the earth- s. ‘These are threads of flesh 
Worm, but not by the sume means; | which, in moving, pull along the 
"und then pulls up the hinder part | owner, or some part of it. It is 
of its body after it, These move- | by muscles that the limbs of the 
ments are carried out, as our own | higher animals are also moved. 
we, by means of mrse/es. A 
(4) Re guide it, the snail Ims (4) When we look at a snail 
feelers ог “Horas”, which may be | erawling among grass and twigs. 
"compared with the feelers of crabs | we see how it puts ont its “horns” 
and insects, Only here they à to grope out and feel its way, 
Ade of the same soft fleshy sub- | as a blind mag, or a man in the 
stance ns the rest of the snail’s | dark, spreads out his hands in 
body. front. 
» There are eyes at the tips of the The eyes are “stalked” as in the 

a Norms. This is the first @mimal | crab, only the “stalk” (horn) i 

we have yet mentioned whose fleshy, and can be drawn in. This 
seyes are not іп, ог very near, its | is a good situation for the eyes, 
head. as they are thus in front of the 
But some of the snail’s rela- | body. = P 
tions have ло eyes, and even по 
head, 
^ пре — 
E 
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Sorr-BopreD. CREATURES— Continued. 


Experiments and Observations. | Suggestions and Inductions. а 


(i) The snail has a shell; but all | (i) This small shell от the slug 


[ 
its relations among the Soft-bodied | may be compared with othtr parts 
Creatures have not shells. There | of the bodies of animals, which do 

is, for instance, the garden slug, | not grow to their full size, but stop 

which is without.one, at least with- | short (Iyudimentary Organs), as in 

ont one large enough to be seen. | the scalés that stand for th wings 

When it is very young, however, it | of a flea, and the “knobs? ог > 
has a little shell. | “balancers” of a house-fly. 8 

TEACHING NOTES. + » 


We have now approached a region in tue Animal Kingdom with 
which the children are less familiar than with the preceding 
animals, and we therefore deal with the sub-kingdofà Mollusca by 
types only; Really it is a very large department of the Inver- 
tebrates, and embraces very many different Classes. The more 
obvious divisions according to shells, and habitat, а гу unscien- 
tific, but must suffice for this early stage of the subject with such 
young children. 


Univalve Shell. Bivalve Shell, front and side view. 


T г 
The lesson shotild, of course, 


o$ 
As be illustrated chiefly by means of 
а living snail and a garden slu A 


“ Ў 5 ig; and the children should see the 
я, and their movements, and the rhythm of muscular movement g 
The Td t brings about. progression, А 
the TOUS g Сине багдев snail, may be sbown to be vegetable, by 

» üg "ti 3 а ace leave: ) 
Pam garden snails амаа рогыоа ог сш аа 
it is possible a AE CES d 
by the ТЕ де et дузпа в shell with a glassy door built up 
shown to the ER UE retiring Into winter quarters, it should be 
y and kept for future demonstrations. 3 a 
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VERTEBRATES (BACKBONED- ANIMALS) о дут 
9. CLASS L—MAMMALS: THEIR STRUC 


Illustrative Objects. Pictures of qnan and of horse, with | 


their skeletons. Reader TI., p. 20. e 


t 
TURE © 

(READER TIL, pp. 35, 38.) 3 © 
Suggestions and Inductions, f 


Experiments and Observations, 


I. Important General Fentures, T 


—(a) Mammals have backbones with 
ribs, and belong to the Vertebrate 
and are thus grouped with Bi 
Reptiles, Amphibians, and Fishe: 
They are the highest Class pi the 
Backboned Anima 

(b) TEs, have also their own 
special covering of hair, wool, or 
Ли, as in the dog, sheep, and cat. 


(c) The young are fed on milk 
from their mothe nd are not 
hatched from eggs 


IT. Special Features.—(a) The 
heart is divided inside into Jour 
at, called “chambers”. “The 
lood is warm. 2 

(b) "There is a flesh-and-skin 
parting (diaphragm) between the 
chest (thorax) and the belly (abdo- 
men). в 15 not present in some 
of the other Classes, 

(c) The lungs are closed bags full 
ОЁ smaller pipes and air- св, айй 
Чо not open into hollow bone: 
into other large air-bags (air-&a 
аз in Birds, ^ 


.lIL The Skeleton. — This con- 
sists of Head, Trunk, and Limbs 
аз in all the other Vertebrates, 

(a) Head. —This is divided into 
two parts, each Consisting of several 


m AE os 

eae variously jointed together, 
Путне е 

DS Skull, ог brain-case, at- 


the backbone by two 


I. (а) This great Class cofi- 
Suns all the largest »nimals, 
specially all the quad -upeds:—the 
elephéat, hippopotamus, rhinoc- 

; the whale, etc. No bird (not, 
even the ostrich)scomes near the 
largest of these quadrupeds in size! 

(^) We have already. seen that 
the coverings of the other Back- 
honed Animals are feathers (Birds), 
horny plates (Reptiles), and scales 
(її 

(c) "This is the most strikin 
difference between Mammads anc 
the other C sof the Vertebrates. 


BS R 
П. (а) These are called “chani 

` because they are hollow, 
except for the blood which they * 
contain, 

(b) TI what the butcher 
calls the ** ^or “midriff” ina 
bullock or sheep. Tt separates the 
heart and lungs from tlie stomack 5 
liver, ete. « 

(c) Mammals do not require to be 
so light as Birds, as they mostly do 
not live in th but on theground 
or in water. They are therefore 
not buoyed up with air inside. 


ПІ. As the inside skeleton deter- 
mines the build of the body iv 
gener], and in particular, in Marı- | 
mals, the size and shape of the two 
greatcavities of thebody(thethoraz 
and abdomen), its structure is very 
important. 

As very many of the Mammals 
are large and ponderous, theit inc 


de 


MAMMALS + 


HABITATS AND ORDERS. 


4l. 


MAMMALS: THEIR STRUCTURE— Continued. 


Experiments and Observations. 


Suggestions and Inductions. 


joints (not*by one as in Reptiles 
and Birds). e 
(2) Тасе including the jawbones, 
of which the lower jaw consists of 
" two single bones connected in front. 
4 70) Trunk.—This consist? of (1) 
lackhon?; and (2) ribs (with the 
Wreast-bone and collar-bone in ad- 
dition). ^ 
- a (1) Backbone (vertebral column), @ 
made up of separate or combined 
joints Par vertebra, and divided 
into groups 9r ле gions”, viz.: 
? The Neck vertebræ (cefvical), 
generally consisting of seven separ- 
ute vertebre е 
ве Рова! vertebre, generally 
( thitteen in number (but varying 
from ten to twenty-four). 
Дре Lumbar vertebre, 
* loins, mostly in number. 
All these have a slight freedom 
of motion on each other; the re- 
,mainder are more firmly united, 
ending in a single bony mass at 
@he base of the spinal colum: 
(2) The Ribs vary in number 
. with the dorsal vertebræ. 
| (c) Limbs.—These are four in 
| 


the 


in 


number, and are generally present 

T ut some period of li They con- 
sist of two anterior (or superior) 
limbs, and two posterior (or in- 
ferior) limbs; both pairs, and each 
member Sf each pair, symmetrical 
in structure. 


ternal skeleton consists of massive. 
and more or less solid bones; not 
cartilaginous like those in one group 
of the Fishes, nor /ight like those 
of the remaining Fishes and the 
Birds, nor hollow, as those of the 
latter. 

As a rule the limbs are suited for 
walking on the ground; in the case 
of the aquatic Mammals, hewever, 
these may be rudimentary, as in 
whales, ог be modified into flip- 


pers, ete. iu seals. This is a 
remarkable adaptation of structure А * 
to function. 


A’similar adaptation is evidently 
needed in the case of the “flying” 
monkeys, bats, ete. Bute 
have anything corre 
structure to the rea 


ponding in 
wings of 


ize and strength of 
the backbone is evidently suited 
to the needs of the owners, in the 
case of the large Ruminants, Car- 
nivora, and solid-hoofed Orders 
of the class. , 


i ‚ '* 10, MAMMALS: HABITATS ANDe ORDERS. 


(Reaper II., pp. 35, 38.) 


7 А 

| 
* А . re В + 

\ . _ Illustrative Objects. „Те same as in the preceding lesson. 

| 2 Experiments and Observations. [= Suggestions and Inductions, 

| - as - 2732088 со 

| I. Where Mammals Live.— (4) (a) These “fying? mam- 
Some live in the air, but are | n have not wings proper, with 
nevertheless neither Birds nor | feathers, but only skin stretched 
3 == zi n 

ê o 
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Skeleton of the For 


Limb 


Whalebone Whale. 


», Ri 


а 


Мамма: Н 


ro- 


or Flipper of thc 


uius; и, Ulna; A, 


Same о пе Seal, 


Humerus; 1.-V., Digits, 


ABITATS AND Окренз-- Continued, 


Experiments and 


Observations, 


Suggestions and Induction; © 
c 


Insects; as bats 


“Mmo 


monkeys, Their 


ДВ through the 
D 


and “flying” | 


“function” of 
air is brought 
structures” 

water, but not- 
t Fishes 5 ав the 


е 


Out between very long toes and 


the trunk, as between the toes oi 
the Swimmers among Birds. 


(0) The w} 


hale, seal, walrus, ete., 
can keep the 


ir blood warm in cold: 
ir blood wa; 
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MAMMALS: HABITATS AND OnbEkns— Continued. 


ә Experiments and Observations, 


Suggestions and Inductions, 


=~, sealand whale. These have warm 
р -"blood, whi Верде blood in Fishes 
is colle» 2Мбу also suckle their 
young, whereas Fishes are hatched 
„гот eggs. 
* — (e Most live on the ^ud, 
А „Гог whicl? (ће "опг feet of the 
2 *'quadilpeds? are well adapted. 
"But some, as the, whale, have 
E no hinder limbs. The proper 
^ üuMber of toes is five, but it 
may be ss/luced to one, as in the 
horse. Ы 

E .D Eee 
Во: TI. Orders.— TH at Class of 
animals, like othe classes, is sub- 
divided intofsmaller parts, called 
Orders There are fourteen of 
these in the Mammals altogether, 
of which we will consider the most 
simportant, beginning with those 
that are the highest in develop- 
“ment, as we have already done 
in the elassification of the Animal 

Kingdom as а whole. 


^ 
(a) Two-handed (Biman«) : 
presented solely by man, w 
two hands (not four, as in monkeys), 
having a thumb “opposable” to 
* the other four fingers. The body 
is erect; man is “looker up- 
wards”, 
#0) Four-handed (Quadrumana): 
represente?» ру топке 

ае n these the hind а 
the fore-limbs can be 
in clasping trees, etc. 

. (ch Insect-eaters (Insectivora) : 
represented by the mole, hedge- 
hog, ete. Here the molar teeth 
ЦЕП ЧЕ) have sharp points for 
catching and crushing insects, not 

“flat tops as in the Ruminantia, nor 
Scissor-like edges, as in the Car- 
ivora. 

(d) Hand-winged (Cheiroptera) : 

а represented by the ** flying ^ mam- 

mals—bats, ete. These have a 


well as 
hands 


water, because they are cased all 
over, or plentifully supplied, with 
fat or blubber, which keeps out 
even the cold ФЕ the Arctic regions. 


(c) The word “quadruped” 
means four-footed, and is a good 
name for all the higher members of 
the Mammals. Some have two 
ront toes, as in the cloven fget of 
Бе Ruminants, with smaller toes 
behind. 


ПІ. In the classification of Plants 
and Apimals the members of 
a sub-kingdom are arranged in 
groups, called Class 7k class 


js divided into Orders Gener- 
ally, each Order is further 
divided into smaller groups. But, 


as seen below, there are two 
orders of Mammals represented 
hy one type only:—Bimana, by 
man, and Prosboscidea, by the 
elephant. 

(a)-(b) In this and the next 
order, the “ basis of classification, 
or “the foundation of the division” 
which is made, consists in the re- 
ference to the limbs; according as 
two or four of th ire used for 
апо purposes, that is, as 
hands (as well аз for means: of 
locomotion). 


9 


(c) Here the /оой, and the kind 
of teeth used in“its retention and 
mastication, form the basis of 
classification of the order, This 
idea is subsequently resumed in 
(е) and (7). 

о 


(d) In this order wedurn to ‘the г 


character of the /imbs for the basis 
of classification; that is, the 


= z 
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MAMMALS: HABITATS AND ORDERS— Continued. 


Experiments and Observations. 


Suggestions and Inductions. o о 


web between the four outer fingers, 
which is continued to the hind 
limb, and is used for short 
* fights” in the air. 

(е) Gnawers (Rodentia): repre- 
sented by rats, mice, beavers, 
squirrels, Паге rabbits, ete. 
These have vi sharp, but few 
(generally four) incisors, suitable 
for gnawing or nibbling at hard, 
food—wood, bark, roots, ete. 


Cf) Flesh-Eaters (Carnivora): 
represented by b of prey, 
wild and —domesti ed, with 
largely developed с е teeth, 
und molars suited for Splitting 
hones and for cutting flesh. Some 


of ther e on land, others in 
water (seals, ete. ). 

(y) The Elephant Order (Pro- 
boscidea): represented solely by 
the elephant. This animal has 
no canine teeth, its molars are 
few, but very lar, id the in- 
cisors of its upper jaw form fusks, 

(/) Hoofed Animals (Ungulata): 
represented by the Ruminants, 
wild and domesticated, in 
cloven-hoofed section, and by the 
horse, ete., in the solid-hoofed, or 
single-hoofed «section, — In both 
groups the nails are developed into 
hoofs. 


(i) The Whale Order (Сега) 
represented Бу whales, dolphi 
and porpoises. 
times absent in this group, and 
the hind limbs are also absent, the 
fore ones beinf& modified into 
paddles. The body is fish-like 
in form. 

(7) Toothless Mammals (Eden- 
tata): represented by the sloth, 
ant-eater, etc., having the incigor 
tegth generally absent. They are 
either witkout tecth at all, as in 
the ant-eater, or they have not 
complete sets, asin the sloth, 


the * 


Teeth are some- | 


means of locumotionn give us 
foundation of the division. 


(«)-(.£) Once more food and the, 
tecthoserve as guides to classifica- 
tion, as in (с). Bat wemote that ` 
there are also ‘ gnawers “i ameng^ © 


those insects that have Буше а j 
jaws, as beetles; and “flesh. с 


5 Birds; and even among tho Inyerte- 


caters” among Wishes, Reptiles; 
brates, as e.g. crabs, prawns, etc. 


э P ° 


(7) Here the proboscis, or trunk, ^ 
gives the name of the order, “This, 
is a very obvious characteristic, " | 
* С 
1 


(4) These animals may be or 
ranged in two groups according to. 
the number of toes оп each foot, 
thus— А 

(1) Odd-toed, ав the rhinoceros s 
(three toes), and horse (one toe). 

(2) Lven-toed, as the pig. and all 
ruminants (ox, sheep, camel, deer, 
ete, ), 9 

(17) We must inclndgsthe whale 
among Mammals (though it js 
aquatic), for it is at one time of its 
life furnished with hair, is warm- 
blooded, and. above all suckles its 
young, and breathes by lungs. 
These characteristics are more im- 
portant than its habitat, 1 

(А There are, however, many. 

“ toothless animals? that are not 
Mammals; for all Birds, as well д5 


most of the Invertebrates, are 
without teeth, T 
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MAMMALS: HABITATS AND ORDERS— Continued. ~ 


Experiments and Observations. 


Suggestions and Inductions. 


(Е) Pouched Animals ( Marsupi- 
alia): represented by the kangaroo 
and opossum. The female animals 
are provided with’ a pouch, for 
carrying their young at an early 
stage of their Ше. The kangaroos 
have strong hind limbs for 


(2) Of the Mammals this is the 
section lowest in. development? 
Its most obvious cheriüeteristie is 
the pouch, which may be вїйї to 
take the place of the nest which 


| manc other animals make for their” 


ping. | young. я е 
TEACHING NOTER. е ы 


The 


" should chow th 
other V. 


rtel 


but that they « 
The other di 
next three lessons. 

Thet 


mamm 


Mammals agree with all the 


utes in having a Biekbone and ribs: and sth some 
(Birds), in having warm blood; and a heart with four chamber 
ifer from the rest in fe 
wes aresbetter res 


ling their young on milk. 
rved to be dealt with in the 


5 жи 
her should draw on the blackboard an outline “of the 
ur heart with its two upper (auricles) and two lower 


chambers (ventricles), aud the partitions between these. On д 
9 


‘The Human Heart (Mammal), opened 
to show the four chambers. 


9 
physiological chart he should show the 


Separating the ca 
таап: and also the lungs. 


- The teacher should point out that the lin 
become modified according to their habitats into * 
and “flippers” in aquatic mammals (seal, ete.). 

The teccher must ask the child 


they know; and he sh 


3 ould arrange these in the 
which they belong, according to the gro 


е 
БЕН vay 
AURICLE 

| à 


Diagrammatic Form, 


midriff (diaphragm), 


vity of the thorax from that of the abdomen in 


abs „of animale 
wings? in Dats, 
ren to name any mammals” 
; е proper Order. 
"ping given above i 
a B 
Sa 3 


e " 
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(А SUMMARY.) 


э OH or fur). 


„Көй diaphragm. 


Т. The Hicuest Class of the Vertebrata in order of development. 
2, The CoyEnING, at some period, and on some part of the body, is always 


Не HEAD is doudly-jointed to the backbone. 
=| 5. The HEART is four-chambered: the BLOOD warm. 
7, .The CHEST (thorax) and BELLY (abdomen) are separated by a 


= 7. BREATHING is effected by Lungs (two) in the Thorax. | 


8. The Тновах is bounded by ribs.e * 

9, The regular number of Lies ig four: legs, or legs and arms. | 
10. Most Mammals have TEETH in sockets in the jaw. | 
е = 1 

с 
^ o 
с o e AT m Tm 
c 


^11. CLASS 
i 


* 


IL—BIRDS: THEIR STRUCTURE. 
(Reaper II., p. 42.) Е 


© Illustrative Objects. The bill and leg of a duck; the leg 
of a fowl; any stuffed birds, the larger the better. A wing of 
a bird. Picture of the skeleton of a bird. 


Experiments and Observations. 


Suggestions and Inductions. 


T. Important General Features. — 
(a) Like the Mammals, Birds also 
are Backboned Animals, with warm 
blood, haying a heart with four 
divisions, 

(b) But anlike Mammals, Birds 
are covered with feathers, not with 
hair, fur, nor wool Some kinds 
are fledged when first hatched, 
others not so till afterwards. 

(с) Birds hatch their young from 
eggs, either in a helpless condition, 
as in thrushes, etc., or being able 
to get their own living from „Ше 
Srst, as in chickens. 

"IL. Other and Special Features. 
—(a) Unlike Fishes, Birds never 
breathe by means of gills, but 
always by lungs. 
PES Ag 


I. (a) The blood is rather warmer 
than in Mammals, as Birds are 
mostly y active, and exercise 
makes, and keeps, them warm. 


(b) In the case of aquatic birds, _ 


there is down beneath the feathers, 
which keeps their bodies from con- 
tact with the cold water in which 
they swim. x 

(c) But Reptiles, Fishes, Insects, 
Crustacea, and even ‘‘Soft-bodied” 
Animals (Mollusca) also lay eggs. 
from which their young are 
hatched. 


TI. (а) Gills are only of use,in 
water; and Birds are never under 
the water, except for a short time 
only, in diving. 


E mc 


рал is provided with milk to feed her young. 
z | 
| 


иск’ Head and Foot. 


Experiments and Observations, 
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PART 


Bird's Wing опеке, 


Suggestions and Inductions, 


(b) The fore limbs are modified 
into wings for flying. They are 
thus unlike those of Fishes (fins), 
and of Mammals (legs or arms), 
In only a very few cases can the 
hind limbs be used to take hold of 
food, ete. (Prehension). 


(с) The lungs open into other air- 
vessels (or sacs), and the air thus 
passes inside into different parts of 

· the body, to purify the blood, and 
to buoy up the body. x 

(4) Birds have bony beaks instead 
of jaws, to seize their food; but 
they have no teeth. No other back- 
honed animal hfs a proper beak: 
though some are without teeth 
(Toothless Mammals); as the ant- 
eater, ес.” 


- e 
(0) Even among Mamipals the 
fore limbs vary according to their 
use, from front legs to arms, ог (in. 
the whale) to flippers. In Birds the 
change of form is still greater, 
since а bird has to fly in the air, 
which no mammal does with real 
wings. 

(c) This provision to give light- 
ness aids the hollow bones, the light 
feathers, and the great spread) of 
the wings, to increase the power of 
flying. К 

(d) No teeth ате required to seize, 
or to hold the bird's prey, as the 
talons (claws) do this, aud none to 
chew the food, as this is swallowed 
whole, whether flesh (as in many 
beasts of prey likewise), seeds, ог 
fr Из. Ы 


ПП. Respiration.—(a) Хо Ria- 
phragm. The lungs of Birds are 
very light,and spongy. They аге 


II. (a)=() The different Таш 
tions of animal life are very closely 
connected with each other, This is 


* The ornithorhynchus (duck-billed mole), 
at this early stage. 


ns one of the Monotremata, miy be ignored 


“ 


= >р 
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Binns: THEIR STRUCTURE— Continued. 


ә Experiments and Observations. 


-Suggestions and Inductions. 


not shut ОЙ? їп the chest and 


Separated rop? the organs of the 
abdon ў means of a dia- 


phragm, as in Mammals. 
~ (6) Perfect Aeration of Blood. 
"Theework of respiration is “егу 
“complete f Birds. This is so be- 
cate mileh muscular work is done 
by them, us they ang usually very 
active. This work brings on waste 
of Tissue, of which the products 
must be®got rid of, partly by 
purifying the blood with the 
oxygen of the air inhaled ЯТ 
respiration. 
(c) Temperatura This active 
eXercisa is 1186 accompanied by the 
ence 


pipes of the lungs open. 


(e) Hollow Bone 
birds the bones 


In flying 
re hollow, A 


contain air, which assists in puri- 
- fying the blood. 
4 TEACHING 


very much the casein the functions 
of Circulation and Respiration. In 
both cases there is а real “ circu- 
lation "—in thé one case of blood, 
in the other of air. 

The cireulation of the blood is 
carried on partly to bring the 
blood near 10 the air taken in 
during respiration. This blood is 
yuleed brought so close to th@air, 
їп the ai?-cells of the lungs (and in 
the gills of fishes, etc.) that at 
last there is only a thin skin (mem- 
brane) between the two. Through 
this the waste gaseous matters of 
the bled can pass into the air, 
and the purifying oxygen from the 
air or water can pass mito the 
blood. 

The process of respiration is also 
connected, but in a more round- 
about way, with that of circulation, 
by means of musenlar function. 
Work causes waste of tissue ; and 
this waste needs materials of 7e- 
pair, which are obtained from the 
blood. Work also causes fouling 
of the stream of life, and thereby. 


makes the purification of that 
current necessary for perfect 
living. 

NOTES. 


Tn introducing this second Class. ef Vertebrates we have to 


ally its members with, aud di criminate them from, those of 
the preceding and sueceeding Classes (Mammals, Reptiles, Am- 
phibians, and Fishes); especially in respect tq tovering, limbs, 
young, ete. d 

^" In dealing with Birds, the teacher must think of the great 
Jfulletions of life, as well asgof structure ; for animals differ in 
funetion, especially as regards Circulation and Respiration. 
These twi Кене are concerned “respectively with the heart 
and lungs (or gill The other great function, Digestion, 
cannot De well dealt with in a comparative way with sith young 
children. . > 


- Quae» ` D 
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Illustrative Objects. 
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(READER IIL, p. 42.) 


Specimens, or pictures, to show. 


various kinds of birds’ feet and beaks. Et 


Experiments and Observations. 


Suggestions and Inductions, 


I, Homes.— Birdslive inall three 
regions of the earth—in air, on 
water, and on land. Their food 
differs according to these differen’ 
habitats; being insects, or other 
birds, in the air; fish, in the water; 
and insects, worms, other birds, 
quadrupeds, and seeds and fruits, 
on the ground. 

They nest on the ground, in 
trees or hüshes, or in holes in walls, 
cliffs, banks, etc. 


fèr from each other in many 
They do so mostly in their 
and talons, and in the way 
they use these. 

We mention here only the most 
nt kinds, and the simplest 
visions: 

(b) Swimmers.— T'hesebirds have 
а boat-shaped body, a long neck; 
short legs, and webbed feet, with 
a coat of down under the feathers, 
and oil to keep the feathers from 
becoming damp. The young are 
generally able to swim, and to get 
their own living,as soon as hatened: 
as ducks, swans, ete. Some live 
partly on land, where they nest 
and sleep, and hatch their young. 


(c) Waders, — These live near the 
water, but not on it (as do the 
Swimmer: ide of ponds 
and on marshes, © 
o They: have long legs, nearly with- 
out feathers; long straight toes; 
long wings, and short tai When 
these birds fly, their long legs 


I. As all birds have” wings, - 
most of which are fitted for flight, 
they have a wåler range than other 
backboned animals. Some of them 
сап choose whether to live on and, 
on хес, or in air. Eid N 

They are thus Уёгу widely dis- 
tribñted over the surface of the 
earth; the same kinds (species) 
being found M widely distant 
countries, or periodically migrat- 
ing to such, eg., the swallow, 
Pigeon, ete. Ы 5 


П. (а) Birds.are very numerous, 
also live in very different 
i ‚ and on.land or 
must, therefore, 
differ in many ways to be ndapt- 
ed to their different. living-pluces 
(habitats), and to be able to secure 
the different foods found in these. 

(0) In respect to shape, these 
come nearer to Fishes than to any 
other Class, as they also do in their 
way of living, and in their food. 
But they swim on, not undernthe 
water; they also bu üd nests on 
shore; and have warm blood, and 
feathers instead of scales, So they 
differ widely from Fishes. In 
classifying. we place the Reptiles 
and Amphibians between Birds 
and Fishes. r d 

(с) To wade is to stalk through 
the water оп one's feet; to swine is 
to move the whole body through 
the water. 

These wading birds stalk on their 
long legs as on stilts; ог step from 
one large leaf growing in the water 
to another. Their long straight 


= HEN 
УЕ " 


vere ^ 
Meads und Feet of Swimmets. 
А К 


Heads and Feet of Scratchers. @ 


NE 
Heads дан Feet of Climbers. 


Feet of Perehing Birds. 


Head and Foot of Bird of Prey. Foot of Swimming Bird. 


= 
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Experiments and Observations, 


Suggestions and Inductions, 


stretch behind, to make up for the 
short tails. 

The whole body. is long and 
slender rather tha boat-shaped 
(or like a long galley boat), and the 
neck is also long and thin: as seen 
in herons, storks, and water hens. 

(d) Runners,— These have wings 
too weak to fly with. But they 
have-wery long straight legs for 
running swiftly, and eithe. two or 
three strong blunt claws, as in the 
ostrich. 


(в) Scratchers.— These also have 
strong but short legs, partly 
feathered; and they ha four 


toes,—three in front, and 
one Берн Their win 
very strong for flying, e 
pigeon. Our fowls, tu 
tridge, and grouse, are Scratchers. 

(7) Climbers.—These have two 
toes in front and two behind, on 
each foot, to enable them to climb 
easily: as in the parrot, euckoo, 
woodpecker, etc. 

(7) Perchers.—These have short, 
slender legs, with three toes in 
front and one behind. They are 
the largest and most numerous 
order of birds. 

"Their young, when first hatched, 
are helpless: asin therook,sparrow, 
robin, thrush, ete, 


, раг- 


There are several kinds of Perch- 
ers, divided according to their 
beaks; but these will be dealt with 
utalater stage. ~ 


(h) Birds of Prey.—These all 
have strong, curved, sha p-edged, 
and sharp-pointed beaks, for в Ти: 
ing, holding, and tearing prey, 


living or éead: as in the eagle, 
They also have 


hawk, and owl. 
strong, curved claws, or talons. 


аз 


toes keep them fr ишш, D 
тош В 


snow-shoes keep œ man 
sinking into the snows + 
As they fly from pond 
to get their living, they require, 
and therefore have, long straight 
wings for rapid flight. е © 4 
(4) hough the wings айе общо ^ 
use to the ostgich for Лири, they © ^ 
аге useful as balancers, when the а | 
bird is running. They also арб из 
Ri and are spread оп £o catch 
the wind to help thesbird along. 
(c)eWe see the use of these short 
stout legs and claws when we watch j 
a hen with a beood of chickens. 
She scrapes and вегйосрев up Ше 
ground to find worm: eds, insects, 2 
imd other food for her young 
family, till they become strong 
enough to scratch for themselves, | 
C£) These two toes behind and 
two in front give the owners a% 
good grip of the ches and i 
trunks of trees, etc., in climbing: | 
The climbing birds do not Ну well, 
(0) As these birds perch on 
branches, etc., they are mostly to 
be found in frees, nesting in these, 
and living in them sometimes with- 
out seeking food elsewhere, As 4 
they nest high up in trees, their 
young, though helpless to find their 
own living at first, are pretty safe 
from tl enemies, ercept; when ) 
these are other birds, 
Their beaks differ according to ^L 
the kind of food they have to | 


to pond 


gather: from short hard beaks for 
pecking in the sparrow,— to 
s for insects, as in the 


(k) These birds may be compared 
with the beasts of prey; their beaks” 
standing for the teeth of the Не: h- 
eating members of the other Class 
(Mammals), while the feet of car- 
nivorous birds and beasts are fur- 
nished, in both cases, with talons, 


UB. ти 


о я Ni 


о 


„=, 


= | 40. There are no TEETH, but some birds have gizzards. 
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TEACHING NOTES. 
The different kinds (Orders) of Birds given in this simple 
ssification, should be well illustrated, as there are plenty of 
© British буре” io serve as specimens, except in the case of the 
“Куэ 7 and even here pictures of the ostrich are easily pro- 
cured for demonstration. iO 


с 


Ф 
Nu e * BIRDS (AVES) (A SumMany.) 
Tn шд 
Т The Зксохр lass of the Vertebrata in order of development. ё 
s9, The COVERING always consists & feathers. E 
3. "Ig Youxe are hatched from ygs. 
4, The HEAn is singly-jointed with the backbone. 
5. The Heart is four-chambered ; the в.000 warmer than in Mammals. 


6. The Снкѕто(Фогах) and BELLY (abdolnen) are not separated by à 
o алтат. 


7. BREATHING is effected by Lungs and air-sacs. 
„8. The THORAX is bounded by ribs. 


9, The regular number of Liss is four: viz., a pair of legs and a pair 
of wings. 


=) 


13. CLASS IIL—REPTILES. 
(READER Ш., pp. 46 and 48.) 


a Illustrative Objects. Pictures of lizard, crocodile, tortoise, 
and serpgnt. Shell of tortoise, and skin of snake, Preserved 


‘specimen of any reptile. ү 


Experiments and Observations. | Suggestions and Inductions. 


> -- ws 
T. General Features.—(a) Rep- I. (a) Animafs that live in the 
tiles form the third great Class of | water, as fishes, generally have 
ackboned Animals. But, unlike | colder blood than land animals, 
the two Classes just dealt gvith, | unless, us in whales and seals, they 
^ they have cold blood, and a heart have blubber or fat to keep them 
аа into three, not into four, | Warm in the cold water. 
ivisions. | » Fito 
(b) Their special covering is not (b) We see how tough is the out- 
' feathers, nór hair (wool nor fur), side covering of some of these 
but horny or bony plates, or scales. | reptiles, in a piece of alligator 


^ 


pom 
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REPTILES— Continued. 


Experiments and Observations. 


Suggestions and Induction, 


These serve as sufficient protec- 
tion in moving among rocks, fallen 
trees, etc., in the rivers and lakes 
in which many of the Reptiles live. 
(c) Their young are hatched 
from eggs, as in Birds, Amphibians, 
and Fishes; but they are unlike the 
Mammals in this respect. 


(4) Reptiles resemble Birds more 
than they resemble either Mammals 
or Fishes ( Vide Birds). 

(e) Reptiles have no gills like 
Fishes, nor wings like Birds. 


skin. We also see what a capital М 
protective outside covering some of ^ 
them have, from the pisur of a 
crocodile. 

(с) As these Reptiles have lungs, „ 
they San come out of the water, . 
where they lie in ‘wait for ‘prey; 
and lay their eggs on shorej;as the 
crocodile does. s А 

(d) There used at one time to be 
,reptilian birds which had wings,’ 
but they are all extinct now. 

(е) As they have dungs thev do 
not require gills. 


TI. Special Features.— (a). Circu- 
lation. (Јр, іо this point we have 
seen (in Mammals and Birds), that 
the heart has four chambers, But 
in Reptiles and Amphibians, the 
heart has only tree chambers. As 
^ consequence, the circulation of 
the blood is not so perfect and cóm- 
plete as in Birds and Mammals. 
Another consequence following 
from this is that the blood is not so 
warm as in the two higher Classes. 

Reptiles and Amphibians thus 
come between these higher Classes 
and the lowest of all Vertebrates, 
Hishes, which,aswe shall afterwards 
see, have only two chambers in the 
heart, 

We thus find that, as а rule, 
Reptiles are not so active in their 
movements as are the animals in 
the Cla: ubove them, As tliey 
do not perform so much muscular 
work, there is not so much muscu- 
lar waste. Their blood, therefore, 
does not require so much purify- 
ing; that is, it is not necessary 
that it be carried so quickly to the 
lungs to be purified by Respira- 
tion. q 

(5) Means of Locomotion. This 
feature depends on the special 
needs of the different kinds of 
Reptiles— 


П. (a) After chserving how the 
structure of the anintls agrees ift 
any Class, we note the agreement 
that there also must be in the 
Junctions of life carried. on by 
inembers of the Class. s 

Among the vital functions, or 
those without which life cannot be * 
carried on at all in animalsgare the 
followin 

(1) Circulation of the blood, ev, 
in the lower animals, of what cor- 
responds to blood, 


stion, to make blood from 
shing materials that аге 


the nou 

taken into the body. Q 
All these functions are very 

closely connected; and the com- 


pleteness with 


which each is 
carried on var This explains the 
slow movements of many reptiles, 
and their torpid state in winter. 
It explains, too, why some aquatic 
reptiles can exist so long under 
the gvater, without coming up fo 
breathe, and to aerate their blood. 


(>) (1)-(4) As Mammals asd 
Birds are variously modified ac. 
cording to their needs of life on 
the earth, in the air, and in the 


ч; 


° 
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Boa Constrictor. 
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REPTILES— Continued. 


Experiments and Observations. 


Suggestions and Inductions, 


(1) In some cases all four limbs 
are developed, just as in the case 
of land mammals. In these in- 
stances the reptiles.san walk, or 
creep, over dry land, or upon land 
covered by water. 

(2) In other cases the fore limbs 
are suited to enable the reptile to 


“fly”, or rather to “spring 
through" the air. No reptiles 


have “true wings like those of: 


Birds. 

(3) Turtles, etc., swim in ог on 
rivers and lakes, the limbs being 
modified into swimming-paddles 
for the purpose. 2 

(4) Moreover, there may fe only 
two през in some lizards; or 
the limbs may be absent altogether, 
as in snakes and serpents 


water; so, also, it is with Reptiles. 


roughly as ferrestial дю SS. quatic. 
“Flying” reptiles remind ùs of 
flying mammals. The swimming- 


of seals, etc. п со 

The absence of limbs ам means 
of locomotion in snakes and. ser- 
pents will renfind us at a later 
| Stage of worms, 
cespect do the latter agge with 
reptiles, except in having a diges- 
tive tract, and а museular system. 
Та the next lesson, we shall see that 
some Amphibians. as the frog, have 
no limbs in the earlyostage of lifey 
then two, and later, four. б 


IIL Kinds of Reptiles. — (i) 


There are many diferent kinds 
of Reptiles, but not so many as 
among Mammals and Birds. S 
of the Reptiles are very larg 

Among the more important 
kinds (Orders) are the follow- 
ing; — 

(b) Tortoises and Тигез. Ті se 
have a hard outside sk eleton, like a 
bony case or box, in which the 
animal lives. ‘These reptiles have 
no teeth, but a kind of horny beak. 

Some of them are eaten by man 
in turtle soup, е and some give 
tortoise-shell, which consists of tie 
hard, horny, outside plates cover- 
ing the bony box or case beneath. 


(с) Snakes and Serpents.— These 
are of a quite different shape, 
being long and round like an eel, 
with scales for a covering, and 
(unlike dis of the former 
кгопр) with no legs, They have 
yery many, ribs, but all short, 
They always have teeth to hold 
their prey, but not for chewing, 


Ш. (а) We see that some reptiles 
are very large from pictures of 
crocodiles, alligators, and hoa-con- 
strictors. As all these reptiles are 
flesh-eaters, they are terrible foes 
to encounter, for they will айас 
mien as well as large beasts. 


(b) These live a long time—as 
long as a man; and some of them 
toa hundred years. ‘Their heads 
and short legs being the only parts 
of their body outside the S 
case, they are like castlg giants in 
old fables, The hunters capture 
them by turning them over on 
their backs; and then, like beetles, 
they cannot turn over again to 
their feet, 

(c) Though snakes and eels look 
so much alike in many respects — 
as in having scales and no feet 
they“are really very different from 
each other, and go are put into 
different Classes: я 

Snakes: (1) Have по 
lungs instead. 

(2) They: have no fins, 


gills, but 


[zy 


t 


But in no ptker. 


We might thus group the Reptilese 


paddkes of turtles recall the flippers “ 
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9 REPTILES. 
| REPrILES— Continued. 
| оо F Experiments Anil аб та Suggestions and Inductions. 
| У m they swallow their food whole. Eels: (1) Have no lungs, but 
от? © They have a forked tongue, and | gills instead. 


some (#%у., the adder) are poison- 
ous. 

_ (d) Lizards.— These generally 
live four legs, like the er9codile, 
butssometimeés only two; and some 
are уеп without legs. Like the 
snakes, they neayly rays have 
horny scales for а covering. 
S 


» 


^ 


> 
(е) Cfocogiles and Alligators. — 
‘These huge monsters live in fresh 
water (lakes and rivers). They 
have a hard gutside skeleton of 
э stroug plates, covered with horny 
scales, 


a 


(2) Eels have fins. 
ES 

(d) Thecharactersof these lizards, 
rather than of any of the other 
kinds (Orders), draw near, in out- 
ward appearance, to the dry aud 
water newts (salamanders) of 
our own country. Thes newts, 
however, are not Reptiles, but 
Amphibians. 

(е) These have most powerful 
and very long tails, and they require 
them, for it is with these that they 

а Ну defend themselves, and 
kill their living prey. 


TEACHING NOTES. 


I. There are such important differences between Reptiles and ' 
Amphibians, that they are put by zoologists into two distinct 
Classes, thus makiug five Classes, of the Vertebrates. 

© II. The strength and ferocity of crocodiles may be illustrated by 
anecdotes, A few words.may also be given illustrative of the way 
in which the boa-constrictor seizes, crushes, and swallows its pre) 


a 


REPTILES (REPTILIA). (A SUMMARY.) 


‚ Тї» THIRD Class of the Vertebrata in order of development. 

9. The CovERING consists of scales, or plates (of horn or hone). 

3. The Youne are hatched from eggs. 

. The Heap is singly-jointed to the backbone. 

. The HEART is three-chambered : the BLOOD is cold. 

. The Снеѕт (thorax) and BELLY (abdomen) are not separated by a 

diaphragm. 

BREATHING 18 effected Ву Lungs (generally). 

The THORAX is bounded by ribs (Benerally). 

| ‘Phe Lites are absent, or four in number (generally). 

"There are TRETH generally, but they are not sunk in separate 
> sockets, except in the Crocodiles. 


2 
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14. CLASS IV.—AMPHIBIANS. 9 0 
(READER III., р. 51.) А 
: » 


Illustrative Objects. 


picture of one. 


Frog spawn, tadpoles (in ^a: yassel of 
water); frog. Pictares of tadpoles and frogs. A newt, or a 


х. a >. B- A 
Experiments and Observations, Suggestions and Tnductions, ki | 
1. (а) We class these creatures І. (a)-(b) The name “Am- 4 
next tothe Reptiles, because in | phibians”, which means tio lives, x 


like 


are 


many respects they are ver 
them, though in others they 
quite different. 

Among these Amphibians in our 
own country are frogs and toads, 
without tails d dry and wåter 
newts, with toils. 

(b) The Ainiphibia 
gills for 
never havi 
have, 

(с) But the Amphibians 
Jungs when full grown, wh 
never have, but which Repti 
| possess, 


always have 
time, which Reptiles 
and which all Fishes 


(9) The Amphibians never have 
Jins instead of limbs proper. 
(e) They all Е: 
Of structure (mefamorphosis) and 
of habits; that is, they have more 
than one stage of life after hatch- 
ing from the egg. They begin life 


with g and with living in the 
water; and afterwards have lungs 


instead, for breathing 
land. 

_ (J) The skin of the Amphibians 
is, generally speaking, soft and 
moist. 


air on thy 


15 very well suited to the owners; ' | 
a8 they generally have one, Kfe (an 
early one) in water; end another 

оп lan@ (ог on land and water) | 
Thus, at the carly period of life 
they have gills, tad, afterwards 
they have Jungs. In their great * 
change of life they remind us of 
the metamorphosis of Insects; but \ 
these have three, not merely two, Са 
stages of life, as a rule. | 

(с) After all, an animal that has 
eli s gills for lungs does not 
differ more widely from what it 
foi was than the “perfect” 
insect dif from the grub. ГА 

(4) As they mostly have linibs 
they do not require Лия, as а rule. - 

(e) We see the meaning of this 
change in the lesson on Tadpoles 
and Frogs (Vide Standard 11). 
The spawn hatches out into tad- 
poles with visible gills hanging 
outside of the body. The gills dis? 
appear, and lungs grows ав the 
frog becomes fitted for living on 
the land. - 

C£) This is seen more in the | 
frog, which lives much in the water, | 
than in the toad, which keeps to 
the landa 


2 


п. Metamorphosis.— Amphibi- 
ans begin with an aquatic life, 
and for this are provided withe 
gills- or water-bre hing organs. 
These gills ether disappear after 
the lungs have heen developed, or 
they are retained for life, together 


IL Liquids will hold certain’ 
solids in solution. ‘These solids - | 
are then said to be soluble, such ns 
salt, sugar, etc. But some liquids. А | 
will also hold in solution. certain 
gases. "Thus water will dissolve 
carbonic acid gas, oxygen, еіс. 


UN У ; 
` ! 


AMPHIBIANS. 


1, 2,5, 4, the Tadpole, growing into the 
Frog; 5, the Perfect Frog 


Metamorphoses of the Newt. 
within the egg; 


c, with both pairs of feet. 
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AMPHIBIANS— Continued. 


Experiments and Observations. 


Suggestions and Inductions, 


with the lungs. The fully de- 
veloped animal is air-breathing, 
and lives more or less оп land. 
Iu the first stage they are like 
Fishes, in possessing gills and two- 
chambered hearts; in the second, 
like Reptiles, in having lungs 
and three-chambered hearts. This 
is one reason why the Amphibians 
are classed between the Reptiles 
and the Fishes. ‘ 


It is necessary that.animals liv- 
ing in water, should have a supply o 
of oxygen in it, for, like@and ani- 
mals, they give off carbonic acid 
and take in oxygen. Amphibians, 


at ono stage of life, and Fishes © 


always, do this work through, the 
gills, the oxygen being obcainert 
from the water, by which thé gills 
are surrounded. 


©. 


ПТ. Chief Kinds of Amphibians. —- 
(a) Tailed Amphibians. These ате 
so called because they retain their 
tails. Throughout life they have 
a soft skin, with no scales ‘bn it. 
Among ther “are the dry and 
water newts: the latter found in 
ponds, the fermer on land. Like 
crocodiles, these have four limbs, 
and, like tadpoles, undergo changes 
(metamorphosis). ` But, in develop- 
ing, they do not lose their tails, 
and their fore limbs appear sooner 
than the hinder ones; in these 


кре they differ from the frogs 
and toads. 
(b) Tailless Amphibians. These 


are represented by frogs and toads. 
As their name shows, they dose 
their tails in later life; they also 
lose their gills when lungs are de- 
veloped. In the adult stage, the 
air is taken into the lungs by 
swallowing, The hind limbs of 
frogs are generally large, with 
webs between the toes for swim- 
ming. 
d 


o 


П, (a) As the tail of thé fish is 

usually used for sibimming, we 
should expect that the айе 
Amphibians would be aquatic. 
This is true of filegyater salu, 
manders, with their Най-ейцей, 
fish-like tails, but not so of the 
round-tailed dry, or land newts, 
which in this respect are like 
lizards, living on land, and yet 
having tails. 


(0) We can easily remember 
that frogs have large hind legs, 
since we know that this is the 
part of the animal eaten as a dainty 
dish in France. 

We find that each of the fiye 
Classes of Vertebrates includes 
animals that have webs@and that 
are, of course, more or less aquatic, 
asin— -~ » 

(1) Mammals: seals. 

(2) Birds: ducks. 

(3) Reptiles: turtles (with 
pers). 

(4) « 

5 Fishes: (between Ше rays of 
the fins). Ф 


flip- 


Amphibians: frogs. 


[] TEACHING NOTES. 


Te 


T. The teacher should constantly point out that some of the 
creatures included among Ше Reptiles and Amphibians live iu 
o $ 


o 
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water, as water newts, some on land, as dry newts, and some Doth 
in water and on land, as crocodiles. 2 

Two living specimens of the newts (water and dry), should be 
kept in school to illustrate this lesson; and as many as possible of | 
the points referred to in the lesson should be verified in these 
specimen». These creatures are quite harmless, very beautiful, and 
will endure handling by the teacher without hart to either party 

ТТ, The metamorphoses of Amphibia and of Insecta ша, 


9 


d 
made to illustrate each otlfer. Yet the teacher must be careful not 
to stapt false" analogies. He will.remember that these creatures 

4, belong not only to dilferent Classes, but also to different Sub- 
Kingdoms, and? even to different Divisions (Vertebrata and. 

‚ lyvertebrata). a " = 
5 , 
SAMPHIBIA (AMPHIBIA). (А SUNM ARY.) 
> 
1. The FovnrH Class of the Vertebrata in order of development. 
д The Соуесяхс generally consists of softwnoist. skin. 


P The YounG are hatched from eggs, but undergo a latefis "^inorphosis, 


‚ The Heap is doubly-jointed with the backbone. 
5. The Нклит is two-chambered in the young ; three-chambered in the 
„adult. The вгоор is cold. 
6. The Guest (thorax) and BELLY (abdomen) are not separated by a 
diaphragm. 
т. Виклтніхо is generally carried on by means of gills in early life, 
and by lungs at a later peri 
8. The THoRAX is bounded by ribs (generally). 
9, The Lss are never converted into fins, as in Fishes. 
10. There are TRETH generally. 
2 TTE 2. 


15. CLASS V.—FISHES. (Reaper IIL, p. 56.) 


? 
Illustrative Objects. Live fishes: sticklebacks, gold and 
silver carp, etc., in a glass bowl of fresh water. A dried 
herring. Drawings and pictures of fishes. ^" 


»  Experimentsand Observations. | Suggestions and Inductions. 
em о |- — — 07.95 
^ Important Features.—(a) We |, (а) We see that the common 
Jave already partly des ed the | features uniting the five Classes 


leading characters of Fishes, in | generally are these:—A backhone,o 


= d ET n 
SOME ihe other four Classes | à divided heart, anddimbs, which 
of Backboned Animals with this (however variously modified), never 
remaining Class. | exceed four in number. 

———À. E — = = 
° © 
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ЕїѕнЕѕ — Continued. / 


Experiments and Observations. 


Suggestions and Inductions. 


(b) We notice that Fishes are the 
farthest removed from Mammals, 


or the most unlike them; and the 


nezrest to the Ampaibians, and 
the most like them in their habitat. 
They are thus the lowest of the 


- Classes of Vertebrates, 


(c) АП fishes have gills, through 
all their life. These are to get 
oxygenrfrom the air that is dis- 
solved in the water in which the 
fishes live. So gills here take the 
place of the lungs of animals in the 
first four Classes, 


(d) Fishe: 


have а бате, 
But this is ed into two cham- 
hers only, we mto three as in the 
Reptiles, nor into four as in Birds 
BU 

"The blood is cold, compared with 
that in the latter two Classes. 


(е) The limbs take the form of 
Лиз, and are adapted for swimming 
in water, but not for oving on 
land. A fish has other fins, too, 
which are placed along the middle 
line of the body, and not in pa 

The fins are formed of sl 
spread out over spines or 
in structure broadly г 
silk spread over the 
brella. 

In function they are oars and 
padilles for rowing the boat-s haped 
owner throngh the water, and fôr 
keeping its Бойу upright in it. 


5, 
mbling the 
of an um- 


VJ) Like some of the reptiles, 
Fishes all have scales: but these 


are generally much thinner than 
in the former Class. 
(7) The inside skeleton is either» 
(1) Bony, as in the herring, ete., 
or, 


; е 
(2) Gristly, as in the Skate, ete. 


(0) It would thus ‘appear that 
there is an order int Life. Some 
animals are at the tép of the 
“ladder of life”, some lower down; 
just as is the case among men in 
their powers of minds social poi- 
tion, etc. д, * х 

(с) We know that there mast be 
some air in water, for we often see 


„it rise to the surface in bubbles, 


especially when we heat a. цев" 
el of water from belo. We 
also know that fisheselie whien this 
air іп Фе water is all used up by 
them. ar 
(d) It would срредг that the 
Classes which have Jour chambers | 
to the heart have also the warmest 
blood (Mammals and. Birds). Then 
come those which have three (Rep- 
tiles and Amphibians), and then + 


> 


those with /wo chambers only |. 


(Fishes). 

(c) In addition to the fingwhich 
take the place of limbs, a broad 
fin forms the tail, and there ars 
generally fins on the fish’s ba 

We saw in the lesson on Leaves 
(Vide Standard LT.) that these are 
expansions of the stem, and are 
spread out on “ribs” (venation), 

Fins are some like leaves in 
this respect ; they are skin spread 
out on more or less stiff “rays®. 
But théy serve a very different 
purpose, not being used for 
"breathing", but for locomotion, 

They must generally be yery 
strong, though easily "moved аз 
most fishes swim very rapidly. 

(Л) We see that these scales ате - 


| of different shapes on different 


kinds, of fishes; but always of the 
same shape on the same kind, « 
(9) А skateneeds gristly “bones? 
as it mostly consists of two large 
“wings” ог “flappers”, with 
which it makes its way through 
the water. E 


a z 


> 


аети, 


3 
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TEACHING NOTES. 


Tn this Glass we come to a division of the Vertebrata which is 

distinct from the other four Classes of Vertebrates; and 
h, in its main features is already pretty easily recognized by 
the children, They generally know the habitat of fishes (always 
water, fresh or salt); their boat-like shapes; their distinctive mea 
of locomotion; and their covering. 

But they know по іа yet about the characteristic feature of 
the fish’s heart, in its having ¢wo chambers only. This feature may 
be situplified by the teacher drawing on the blackboard a typical 
discine heart, consisting of an enlargement ог swelling of a blood 
vessel, the blood entering through one end of the pipe (ven®s), and 
Woing out at the other (art е 
“it Wl largely assist in this lesson if the teacher take the children 
on an imaginary v to an uguarium, referring to the picture of 
one given in the reading book (Reader IIL, p. 57). 


one 


So ЕЕ 


1. Phe FirTH and lowest Class of the Vertebrata in order of develop- 
ment. 

2. The COVERING is of scales. 

3. The Youne are hatched from сиик: 

тле Hean is singly;jointed to the backbone. 

5. The HEART is tco-chambered, and the BLOOD cold. 
(thorax) and BELLY (abdomen) are not separated by а 

diaphragm. 

7. BREATHING is effected by gills during the whole life-time. 
8. The THORAX is not bounded by the ribs. 


9, The Lars take the form of sins, but there are generally other fins 
| as well. 


2) 10. They have TEETH. 


5 
DIFFERENCES BETWEEN» CLASSES IV. AND V. 


^ AMPHIBIANS. | FISHES. 
o 


1. Never have Lun 


E 
1. Have Lungs at adult stage. 


4 
2, Limps are not converted into | 2. Fins, instead of LIMBS proper. 
fins. | 
А 
3. The HEART is three-chambered 3. The heart is two-chambered. 
(in the adult). | ^ 
а 
4. They undergo METAMORPHOSIS, 4. They do not undergo metamor- 
phosis. 
a 4n 
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(B) THE VEGETABLE KINGDOM. 


16. PLANTS: FLOWERING AND FLOWERLESS. 
(READER IIL, pp. 63, 70.) @ 


е е 


Illustrative Objects. Specimens of all the objects men- 
tioned below in the double columns? especially dried roots е 
and stems, seed-boxes, fruits, and seeds. Also" pietüres прие, 
plants and flowers. Whole plants, such as wheat, catrot, е 


P 


buttercap, etc. 


ee. 


Experiments and Observations, 


Suggestions and Inductigf. 


I. The Vegetable Kingdom. — (а) 
This Kingdom, or the plant-world, 
is like the Ani ingdom i» фов- 
sessing lif n this respect is 
unlike the Mi 1 Kingdom. 

(b) Butplantsdifferfromanimals, 
generally, in having no feeling and 
no power of /ocomotion, or of mov- 
ing about from place to place. 


(c) Plants feed and breathe — 
ken in by the roots 
When exposed to 
sunlight, the green leaves of plants 
take Tn carbonic acid 5 consist- 
ing of carbon and oxygen. The 
carbon goes to buill up the sub- 
stance of the plant; the oxygen is 
given off again., 
(2) Again, all parts of plants,— 
roots, stems, leaves, and flowers 
nd give out car- 
bonic acid This work gods 
on in the as well as in the 
light, and is known as ‘‘respira- 
tion”. Ti a plant 4s unable to get 
oxygen, it cannot live. 

(d) A plant can generally be 
divided into two parts — 

(1) Root, and 

(2) Stem; and what comes from 
oit (leaves and flowers). 

Animals, Та the higher groups, 
are divided into three parts— 

Head, trunk, and limbs. 


I. (a) All objects in the world 
belong to one of the three great 
Kingdoms of Natuns— 

(1) The Animal, (Z? The Wege- © 
table, or (3) The Mineral Kingdom. 

(b) As plants mostly get their 
food from the кой there is no neces- 
sity to move about in search of 
; their roots can lengthen for- 

and downwards to procure 
resh food from fresh soil. e 
(c) (1) It nly in the sunlight, 
and by plants having ‘leafgreen’ 
(chlorophyll) in their cells, that 
the carbonic acid gas can be thus 
made use of. 


(2) Water plants find oxygen i 
the water; the roots of plants find 
it in the ground. An animalis 
suffocated if it cannot take in 
oxygen; so toa is a plant. 


(1) But these divisions, both in 
animals and in plants, disappear in: 
the lowest forms, which are not < 
divided into separate parts, or 
organs. We see this in comparing 
a bit of “mould” with an oak, or 
-a jelly-fish with a horse. 4 


лу. > 


f» 


0 


p 
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^ è 
Nu case 


magnified. 


~ Fern showing two fronds 
th spore«cases on their 


пасе, 
f 3 
d 2 
v) 2 
“> 
e 


sting and ules; 
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Fern leaf greatly 


Moss Plant with a 
A that 


Maidenhair Fern. S] 
at the edges of the 


to 
e Mushrooms. 


Single setting free the act of set 
Spore-ense. its spores. гез. 
Flowerless- Plants and their Reproduction. 
$ PLANTS: FLOWERING AND FLOWERLESS— Continued. 


periments and Observatfons. 


Suggestions and Inductions. 


i. Flowering Plants.—(a) ЗМ 
de Plants into two great di 
siens, according as they hav 
flowers or not. We thus get Flower- 
less and Flowering Plants. 


(0) The Flowering Plants have | 


ds, 


лаб only flowers, but also 


IL (a) It will be remembered 
that we also divided all animals 
info two great groups: Vertebrates 
and Jnvertebrates. E 
e 
(b) The seeds are the most im- 
portant part of the Flowering 


(ме) 


= LE 
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PLANTS: FLOWERING AND FLOWERLESS—ÜoOntinued. 


Experiments and Observations. 


Suggestions and Inductions. 


which come from flowers. They 
are the plants best known to chil- 
dren, who are most attracted to 
plants by love of flowers. 

But the seeds are of much more 
importance to man than the 
flowers, since we can use Ше 
former for food, dyeing, etc., whilst 
the latter are generally only em- 
ploye, for ornament (colour and 
orm), or for sweet scent (odour, 
or fragrance). 

(с) We divide the Flowering ог 
seed-bearing 
groups— 


(1) Ѕоте 18 are naked, or 
unprotected. That is, they are 
not shut up in a seed-ho, 
seem to be not so well taken care 
of by Nature as those in the next 
division, but as they are hardy, 
they do not require gentle nursing. 

When we pull to pieces the cones 
of a pine or fir tree, we see that 
these seeds are naked, or only 
partly protected by the scales of 
the cone, 

(2) The members of the second 
group have their seeds covered, 
protected, or enclosed in a dry 
seel-box, as in a bean, pea, labur- 
num, furze-pod, poppy-head, etc. ; 
in a woody one, as in nuts; or ina 
juicy or pulpy case as in peaches, 
cucumbers, currants, etc. 

We find then that Flowering 
Plants have either — 

(1) Naked seeds, or 


(2) Seeds contained in seed- 
vessels, 


(d) But the latter group can be 
divided into two classes, according 
to the structure of the seeds — 

1) If we put a bean or pea into 
water, it swells up, bursts its outer 
coverin and divides into tro 


Plants into two. 


Plants, as from these the racz is 
kept up. Very often when tl 
lant has brought its poed to per- 
‘ection it dies. It is thus like a 
parent that starts а family in the 
world, and then quits it, leaving" 
the offspring to carry on “Ше 
struggle for life for themselves 


' 

(с) In the same way; after we 
had divided animals into Verte- 
brates and Invertebrates, we found 
that we must again divide these 
into smaller стор — 

(1) Every plant and animal, and 
every part of either obtains just as 
much protection as it needs. 

Fach is just fitted for its own 
mode of life, and for its own sur- 
roundings. We see something of 
the same kind even among men, 
A labourer does not wear such fine 
clothes nor eat such rich food as a 

but his clothes and 
the best suited to his 
work and to his daily life. 

(2) The great majority of Flower- 
ing Plants have their seeds covered? 
It would seem that Nature gener- 
ally takes special care to protect 
the seeds ot plants, This nust 
be because they need this fostering 
care to guard them früm animals, 
wet, frost, and cold, that they may 
endure the winter, ete. By the 
time the protecting seed-boxes 
have rotted away, dried up, or 
withered, the winter has gone, and 
the warmth and moisture of spring 
have come to set the seed sproutir g. 

(4) Here we carry classification 
one step further. 


(1)-(3) АП Flowering Plants 
have a “root” and a “stem”, and 
they have whatstands for theseeven 


INS x 


PLANTS: FLOWERING AND FLOWERLESS, 


бт. 


СЯ 
fibres; 
covere 


n 


| Windsor Пена with the cotyledons ePopened, show: 


Germination of a Grain of Whe 
ityledon).—a, Embryo; 0, 


Tootlet; e, root- 
{түз increased in length aud 
With root-hairs. 


ing the ruliele r and the plumule p. 


Germination of Dean Rl 
{Dicotyledon}. — *1, Sie 
ground; 2, abore ground, 
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PLANTS: FLOWERING AND FLOWERLESS— Continued. 


Experiments and Observations. 


Suggestions and Inductions. 


halves, which remain partly joined 
at the sides, as by a hinge. Between 
these sprout out a “root” (radicle), 
growing downwards, and a “stem” 
(plumule), growing upwards, and 
bearing with it the fwo halves of 
the seed. 

(2) But if we serve a grain of | 
barley, wheat, etc., in the same | 
way,7¥e find that the seed remains 
single throughout; and only one 
seed-leaf first appears above the 
ground. А 

(3) Thus we illustrate the fact 
that Flowering Plants 
their seeds in  seed-ve. 
either— E 

(1) Dicóriyfedons (with two seed- 
leaves); or 

(2) Monocotyledons 
seed-leaf). 

(е) In each of the great divisions 
plants are divided into many 
Orders, as the Rose Order, Lily 


(with one 


Order, Buttercup Order, Cross- 
bearing Order, the Composite 
Order, the Grass Order, etc. 


There are many other Orders 
besides these; just as there are 
numerous Orders in the Verte- 
brates, as we have already seen 
(Vide supra). 

III. Flowerless Plants.—(a) As 
these have no flowers, so they can 
have no seeds, since the latter 
comes from the former. But Whey 
must have some way of keeping up 
the race. For this purpose many 
of the Flowerless Plants have what 
are called ‘spores These take 
the place of seeds in Flowering’ 
Plants to keep up the race; but 
are not like them in other respects. 
These spores may be easily seen in 
their cases, on the hacks and edges 
of ferns, @ when a ripe mushroom, 
toadstool, or puff-ball is shaken 
over a sheet of white paper. 


in the sprouting seeds, though these 
do not always spring from a вееф 
consisting of two halve} but some- 
times from one consisting of an 
undivided whole. lt would appear 
fro? this that the seed contains“ 


| the future plant, root, and stem, 


just as the flower-hud contains all 
the parts of the future flower, — « 
There are many other differences 


| between these two classes of plants. 


‘The one difference leads (18 tq ex- 
pect others, or itis tie key to 
others. In the same way among 
animals, the presence or absence of 
a backbone leads us to expect the 
presence or absenc®of ribs; breast- 
bone, limbs, ete. 


(е) In collecting garden or wild 
flowers we soon see that many are 
alike in some respects (not merely 
in colour or size, which are not of. 
much consequence). This is seen in 
the flowers of the wild rose, apple, 
ete., as members of the: Rose Order, 
with five coloured flower-leavess in 
lilies, tulips, etc., with six flower- 
leaves in two circles of three each, 


| giving the Lily Order, and so on. 


ПІ. (a) Nature never leves 
even the lowest animal or plant 
without some way of continuing 
the race. If it were not so, the 
race would perish. There are 
many ways of getting future plants 
from already existing ones, as by 
seedlings, cuttings, suckers, budding, 
grafting, ete. 

As Flowerless Plants are lower 
than flowering ones, so “spores” 
are not so high in ‘rank as seeds. 
These ‘‘spores” are generally &lso 
smaller than seeds, "The former 
plants were also the first that grew 
on the earth; and it is from them 


Es 
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PLANTS: FLOWERING AND FLOWERLESS— Continued, 


Experiments and Observations. 


‘There аге? also **spores" to sea- 
weeds, mosses, ete. Only in the 
latter cas? they are generally too 
small to be seen by the naked eye. 

(0) Flowerless Plants sometimes 
alto haye parts which represent 
the “ems sof” Flowering Plants, 
especially in ferns and mushrooms. 
Tn some cases, as in ferns and sea- 
x weeds, therearéalso leas teex 

sions*uf these so-called “ 

But in any oth ses, as in the 

О ticles on dry walls, ete., 

there is nothing that stands for 
ў the stem ; there is only a branching 
tuft, or a flatz-—ust-like т 

o де)” ре colours of Flowerless 

Plants are very numerous, and so 

are the places in which the plants 

0 аге found, some even growing on 
. decaying animals or plants. 


Suggestions and Inductions. 
mostly that coal was formed (Vide 
Lesson on Coal). 


n 

(6) Most people call these similar 
parts of ferns, mushrooms (fungi), 
etc., by the same name, stems, as 
iu Flowering Plants; but those 
that know more about plants do 
not do so. The same remirk may 
be made about the “leaves”, which 
are, however, now rather commonly 
known as “fronds”, in the case of 
ferns. 


(c) The Flowe* Plants thus 
seem to have a much greater choice 
of food and lodging (habitat) than 
the higher group of Flowering 
Plants. 


» 2. 


^ ТУ. Economic Uses of Plants. -- 
- (а) Едо. The Vegetable, even 
more than the Animal Kingdom, 
s furnishes the chief food-supply of 
man and beast. This specially 
the case with regard to— 
(1) The Cereals: wheat, barl 
туе, rice, maize, etc. These 
“dry seeds, without shells (Vide 
Standard L, Wheat). 
(2) Other Starchy Food-plants : à 
pioca, sago, arrowroot, etc, Th 
are furnisited by roots and stems. 
(8) Fruits: fleshy, pulpy, and 
juicy: as apples, figs, berries, ete. 


(4) Nuts, and other dry fruits 
enclosed in shells, as cocoanuts, ete. 

(5) Edible Roots: as jursnips, 
carrots, turnips, etc., contaiming 
other food-products besides starch. 

(6) Ме Stems: as rhubarb, ete. 
o (7) Edible Leaves: as cabbage, 
lettuce, etc. 


. E 


(b) Clothing. Many of the textile 
fabrics worn by man are made from 


IV. (a) Of course there will be 
no food-supplies obtained from the 
plant world in the Arctic regions, 
since with the exception of а few 
mo: stunted willows, etc., there 
are no vegetables to be found there. 

(1) These cereals, requiring heat 
to ripen them, are to be found in 
the temperate and subtropical 
regions of the earth. 

(2) Nearly all plants contain 
some starch; but these are nearly 
all starch (and water). 

(3) These are usually found on 
trees or bushes; they are often the 
food of savage tribes. 

(4) As these are diy, they can be 
stored up by man for use in winter. 

(5) The food in thes stored 
up by the plant for its own future 
use. 

(6)-(7) These are mostly what 
fre called “green meat” and 
“garden vegetables” ; they are very? 
useful as blood-purifié?s. 

(b) As animal fibres are not long, 
strong, nor fine enough to be spun 


E 
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PLANTS: FLOWERING AND FLOWERLESS— Continued. 


Experiments and Observations, 


Suggestions and Inductions, 


the fibres found in the stem, or 
between this and the bark, as in 
hemp, and flax; or from the lining 
fibres of seed-pods, #3 in cotton. 
(c) Houses. The materials for 
the shelter of man are also largely 
supplied from vegetable growths, 
by building timber, in civilized 
countri and by grasses, reeds, 
boughs'of rees, etc,, in some lands. 


(4) Furniture. Except for very 
ornamental purposes and where 
greater strength and durability are 
required (as in iron goods), the tim- 
her of tre mostly employed for 
furniture (192: son on Timber). 

(е) Boats. These are quite neces- 
sary to c ation, ОЮ Шеге 
are rivers, lakes, and coastlines. 
On account of their durability, oak 
and teak are the woods chiefly 
used in building ships and boats. 
Tron is now la mployed for 
the framework of ships. 

(f) Dyeing. Many of the dyes 
used by man are also obtained 
from the Vegetable | 
indigo (blue), madder, ( 


^d), ete. 


(y) Drugs. These are also par- 
tially obtained, but not in so great 
à proportion as Ше preced ig, from 
the Vegetable World, as in senna, 
Turkey rhubarb, ctc, 

(Л) Miscellaneous. Ti addition, 
we have Paper obtained from 
esparto grass, wood pulp, and rags 
(originally cotton gr linen fabrics 3 
Коре and Canras, made from 
hemp; Cork, obtained from the 
bark of a Spanish oak; Cuta- 
percha and india-rubher, procured 
from the sap of several trees grow- 
ing in hot countries; and Banboox, 

fused for an endless number of pur- 
poses, as pipes, sails, masts, houses, 
hate, shields, umbrella, baskets 
ropes, ete. : 


or woven, we use those of plants o 
instead. "These also do not readily 
decay —at least when Kept dry— 
and can resist much wear and tear. 


wo 


(c) What are required here are са, 


length and strength. Planks “of 
wood excel slates, stones, bricks, 
and other materials of thé Mineral 
Kingdom, in these respects; and, 
moreover, they can be cut up inte , 
any required shapes, a 

(d) The last consideration is still 
more important hefe, since the 
shapes of furniture are so various. 
Most timbers are easily sawn, cut, 
carved, and evant (at least, 
when steamed), 9 

(е) For boats and ships 
materials must be strong, 
light, 
loi 


e 


the 
flexible, 
ly worked, obtainable in 
pable of being nailed, © 
ng hard knocks and , 
nst the shore or river ^ 
iber excels in afl these 
сезвагу properties. 
(7) There are many mineral dyês* 
(such as red-ochre), but very few 
animal dyes (except cochineal); 
the best vegetable dyes ave obtained 
from the juices of stems and fruits. 
(9) Herbalis apt to speak 
of min drugs as if they were 
not as safe, nor as useful, nor as 
much the gift of the Creator as 
vegetable ¢ ; but thi is not so. 
(A) Considering how the various. 
needs of mar supplied, we muy 
broadly divide the Economie uses 
of the th 


(1) TRe Animal World: for food, 
burden, draught, and clothing 
(leather, furs, ete. ). е 

(2) The Vegetable World: for 
fod, shelter, furniture, fuel (woods, 
and clothing. 

(3) The “Mineral World: for 
shelter, engineering works, tools 
and utensils, and бөр! (coal). ^ 


—0- 
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THE GRASSES. 9 Т1 


PLANTS. (A Summary.) 


Among these are sea-weeds, mosses, the mushroom 
tribe (Fungi), and ferns, ete. 

Most of these have no proper and distinct stems, 
roots, und leaves, of tlie same kind as in Flowering 
Plants. 

The sea-weeds are generally ееп, red, or brown; 

- the, others are mostly green, except the Fungi. 

о They’are found in water (sea-weeds and wate 

weeds), on damp surfaces (mosses), on dei 

- ° ing animal and vegetable substances (the mush- 

= room tribe), or on the ground (ferns). 

-| Де Wiru FLOWERS. 

(FloPering Plants, ) 

° 


I. WirHOUT FLOWERS. 
(Flowerless,Plants.) 
B 


qe 
These produze seeds. o They are divided into two 
groups :—? г 
(1) “those in which the seed is not enclosed in а 
seed-box, as in the pine and the fir trees. 
(2) Those in which the seed is enclosed in a seed- 
Lox, as in most of our other timber and 
fruit trees, afd in field and garden plants. 


е Fhe second group is again 222711 into two 
Classes:— 
(a) "Those with one sced-leaf, as in grasses, ete. ` 
(b) "Those with two seed-leaves, as in beans, ete. 
Each of these classes 18 again divided into smaller 
` groups called Order 
EN М EA 
С) 
А == 
7 17. THE GRASSES. (Reaper HL, p. 63.) 


Illustrative Objects. Pictures and specimens of wheat 
plant, sugarcane, and bamboo. As many wild: grasses as can 
‘bu procured by the children from fields, woods, and hedge- 
rows; together with any of the cereals. 


Experime 


pon "Е 

Suggestions and Inductions. 
I. (a) Everybody knows what 
grasses are in the common accep- 
tation of the term, because, indeed, 
the grasses are so plentiful. We 


nd Observations. | 
I? Grass Family.—(«) Plants are 
sub-divided into numerous Orders, 
just as animals are (Fide supra), 
wad one of these orders consists of 


ts 


<p the Grasses. 

Grasses include what are com- 
alonly known as pasture and 
meadow grasses, together with all 
the cereals;and sugar-cane, bamboo, 
ete. 


find them springing up of them- 
selves everywhere, even without 
sowing. This must be because 
their seeds are plentifpl, and gene- о 
rally so small that they can be 
carried about by winds. 
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Meadow Fox- 
tail Grass, 


Rough Cocksfoot Grass. 


Crested Dogstail Grass, 
Sy, 


GRASSES, 4 
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Tue GnassEs— Continued. 


Experiments and Observations. 


Suggestions and Inductions. 


(b) The common features of the 
grasses are :A hollow, rounded 
stem (solid in the. sugar-cane), 
ranging from only a few inches 
wy to sixty feet in height; pointed, 
Е long and narrow leaves, wrápping 

round (sReatAing) the stem at the 
botto, and coming off from it 
© singly; and fibrous roots. 


(b) AM these common features 
can be seen in a complete wheat 
plant, or in any other large mem- 
ber of this qumerous family of 
plants (Order, Graminee). 

The stemsare frequently jointed, 
as seen in the straw of wheat and 
of other cereals, and at the joints 
they are solid. 

2 


«0 
fi. Kjnds. — (а) For common pur« 
poses, wj may divide these grasses 
into: (1) The*Cereals (wheat, oats, 
harley, rye, millet, maize, and rice); 
(2) The sugar-cane and bamboo; 
gud (3) The »*adow and pasture 
grasses. à 
(b) There are really more than 
4,000 different kinds (species) of 
grass plants. They must be more 
widely spread than any other kind 
» of plants (Orders), as we meet with 
" grasses everywhere, except where 
. no plaifts grow at all. 


closely at the 


2 А 
о?(е) By looking К 
d the different. 


flower-heads we вее 
kinds, 

$ "The “ spikelets 7 which contain 
the flowers are without stalks in 
some cases, and rest directly on the 
stem, asin wheat (spike). In other 
ceses the “spikelets” have long 
stalks, as in the oat (panicle); or 
short stalk, as in the meadow fox- 


tail grass. 


9 


II. (2) This is not the way that 
botanists divide them; but it is a 
useful way, and one that young 
children can understand, 


E 

(h) But some of these grass plants 
only grow where it is hot; as the 
sugar-cane, bamboo, and rice, The 
cereals, however, are the most 
widely cultivated by man of all 
plants (Orders); this is because 
they furnish the most useful of 
Joods. 

(c) If we gather a few handfuls 
of wild grasses, we soon find out 
that they are alike and different. 
"They are most alike in their stems, 
roots, and leaves. They are most 
different in their “heads”, which 
are really their flowers. 


^ 


TII. Uses.—(a) For grains, hay, 


and straw. 
(b) For making sugar, (sugar- 
cane). 


* (c) For manufacture of light fur- 
niture, and water and gas pipes 
(bamboos). 
2 (4) For plaiting and weaving 
into hats, bonnets, etc. 

(e) For making mattresses for 
beds, ete. 
с 


5 


IH. (4-(е) The grass order of 
Plants is the mpst useful to man 
in all stages of civilization. Asa 
savage he feeds on wild grazing 
animals; later on his domestic 
flocks and herds are fed upon 
gass and hay: when he at last 
tills the ground, he cultivates the 
cereals, or corn-grasses. ‘This is? 
why the latter follow man in his 
migrations. 


с e 
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Timothy Grass, Perennial Rye Grass, 


s— Continued. 


TEACHING NOTES. 


Т. This subject has been already partly dealt with in Standard Па, 
under the types of the Wheat plant, No. 8, and the Sugar-cang, 
«No. 16. Here the subject is taken up as one of the Orders of 
the Flowering Plants (Gramineze). . 

То the country, children know the names of a few of the different. 
kinds of feeding and wild grasses, and. should соЧеср and name 
а 


6 


О, TIMBER. z ф 75 
specimens of these for a school collection. This they can do under 
the heads below from the following illustrations :— 
(1) Sigeet-scented vernal grass. (5) Rough Cocksfoot gras 
(2) Meadow Foxrtail grass. (6) Perennial Rye grass. 


© © (3) Meadow grasses. (7) Meadow Fescue grass. 
(4) Crested Dogstail grass. (8) Timothy grass. 
= These grasses should be kept in large-sized bndles of each kind; 


a so that the likeness may bo better seen in the larger quantity, and 

tlt £hesspecigiens may be the better stored and kept in the school 

-año = masem, The likenesses and differences between these are seen 
„© to be very great when closely exa nined. 

: „The plan of identifying and storing up common English wild. 

тайа cultivated grasses may be cgeried ou? in a village school with 


E 
great Success, if aided by prizes given for the best named соПес- 
tions. "Pheechildren will become very much interested in the 
и: subject; and their keen young eyes are well fitted for the close 
: observation necessary for this collecting, and naming. 
x » 
а ^ j P 
THE GRASS-ORDER. (A Stwadiy 
s Т. SrEMS.— These are INSIDE GROWERS (Bndoyens). They have по 
D pith; the barder substance is not in the middle of the Stem; 
* and there is no tough bark outside enclosing the rest of the 
p ? Stem. The Stem is generally hollow, rounded, and jointed. 
TH ТГ. Roor re fibrous; not fleshy noi woody. 


ПІ. LEAVE: s generally one to each joint, wrapping round 
3 the stem at the bottom (skeathiny). 
IV. FLOWERS.— These are of very various forms, without true “pro? 
tecting” and “coloured” flower-leaves (rid and corolla). 


М, SkEDS.— There is one in cach seed-box, but man) 


x VI. Frurr.— This consists of the seed, and an outer covering which can- 
| 


not be readily separated from it. 


б MPLES.— Grasses include the meadow and pasture grasses, the 
reals or corn-grasses, the sugar-cane, bamboo, etc. 
> 
3 а 
А ^ 
Ye 


18. TIMBER.» (Reaper II., pp. 102, 106.) 


. “Mustrative Objects. Transverse and longitudinal sections 
Sof common English and foreign timber trees, including oak, 
eim, ash, pine, beech, walnut; mahogany, rosewood, ebony, 
ete. Drawing showing section of oak stem, sings, and 
medullary rays; and pictures of as many of the above trees 


| as can be obts^ued. 


| ^ 


| [3 
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ion of an Oak Stem, showing the white pith in the centre, 
ags of wood all round it, with the radiating lines of the 
ys, and the coarse-looking layer of bark оці ће the — | > 


TinBer—Continued. 


Experiments and Observations. 


Suggestions and Inductions. 


T. General Description.—(a) Di/- 
ferent parts. The cross section of 
oak timber shows that it consists 
of different parts— 


(b) Wood. In the centre there 
are the remains or the evidence of 
the previou: stence of a small 
tube, in which, when the stem was 
young, the soft and pulpy pith, 
or medulla, once grew. 

(c) Rings. Outside of this are 
rings, each one becoming larger 
than the other, from the pith owt- 
wards, and each consisting of a layer 
of wood grown in a single sezson of 
growth. These dúyers nearest the 
middle are the heartwood (duramen) 
and are harder than the others 
which form the sapwood (albur- 
num). 

On the outside of the wood, an 
beneath the bark, isa rather white, 
soft layer (cambium layer). through 
which the sap passed when the 
iree was alive: on one side of it 


1. (a) Besides the divigion of 
all Flowering Plants into roots 
and stems, the latter may Бе 


again divided into separate 
parts. 
(b) In position the pith re- 


sembles the marrow in а bone, 
and is hence known by the same 
name (medulla). 


n 

(c) As these rings отоу; one upon 
another they form “shells” of 
woody matter, like the flakes seen 
in the white of a hard-boiled egg. 

The greater hardness and dry- 
ness of the duramen must be due 
to greafer age, to partial drying, 
and to the pressure of the rings 
and bark from the outside. M 


We know that sap passes up. 


ihe stem in spring, and down it 

in winter; and as this flow 

not found in the duramen, or 
5 

alburnum (except in the medullary 


rays), it must go up and down the 
c À 


о 
о 


TIMBER. 
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ued. 


° 
° 
T eriments and Observations. 
JPN grew the batk, and on the other 


the wood. 
° 


ә 


о ә 


a ta) Baw, Ontside of the wood 
B propa is the bark; also arranged 
i Jy layers, the evidence of which 
° dish ppears on the outside. 


(e) Médullacy Rays. These run 

" outwards, generally from the centre, 

5 appearing in streaks and of a higher 
colour than the heartwood and 
Sapwood, through which they 

pass like spokes from the axle of 

. nw wheel ‘These are called “лаук” 
because they radiate out in this 

manner, as do the rays of the 
sun, ‘They are called medullary 
rays, because they spread from the 
ви ith, op medulla. "реве rays form 
long narrow wedges through the 
| ost of the wood, and are known 
as the *'a/rer grain” of timber. 
| They bind the rest of the wood 
more firmly together, just as 
wedges do when driven into a log 

L _ of wood, 

In some cases they-are almost 
invisible, in others very distinct ; 
‘hence the different appearances of 
different woods, when cut longi- 
tudinally or obliquely. Where 
the medullary rays are most dis- 
tinet, the timber is the most 
ornpmental and best suited for 

anellings of houses, and for 

urniture. » 


о 


eee 
| oll. Kinds of Timber.— (4) As 
there are many kinds of trees, 
there are also many kinds of tim- 
ber. Among the commonest of the 
timber trees are,the following— 


2 


Suggestions and Inductions. 


cambium layer. This, therefore, 
must be the place where sap is 
changed into wood and bark. In 
the spring wg may find that the 
sapwood, just under the bark, is 
soft and sticky, with the sap that 
is being formed into new wood. 

- (d) This outer portion, or bark, 
must be mainly protective, ав on 
the outside it is mere dead aterial, 
ad hag no functions of life carried 
on in it. 

(c) The rays of the sun spread. 
out like these medullary ys. 
The “rays” of the fin of a fish 
also Spread outwards. The word 
“radius” is likewise applied to 
the lines drawn trom the centre of 
a circle to its circumference, and 
the similar word radiate reminds 
us of the spokes of a wheel. АП 
these examples illustrate the mean- 
ing of “medullary rays" in timber. 

As these wedy e, as a rule, 
made of looser and more spongy 
wood. than the alburnum and 
duramen through which they pass, 
they naturally form channels 
through which the sap of the tree 
rises at times. 

We best see the difference, so 
far as “silver grain ^ js concerned, 
in different woods, by coniparing 
together longitudinal sections of 
them ; just as the difference in the 
size and appearance of the rays 
Ъдсоте apparent in transverse 
sections. 

As these medullary rays also 
wedge up and Bind the wood be- 
tween them, those timbers are fre- 
quently the most compact in which 
these wedgesarethemost developed. 


9 1]. (а) Even trees of the same 


Order differ according to climate,o 
soil, ete. Of course t?ees of differ- 
ent Orders differ still more. 
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Experiments and Observations. 


Suggestions and Inductions. 


(b) Conifers. This is the name 
given to the large family of cone- 
hearing trees, including the pine, 
tir, ete. 


(1) Among these are the Scotch 
fir, the red Canadian pine, the 
yellow pine, and the Norway pine. 
Thesemre largely imported from 
the cold countries.of the zorth of 
Europe. 

‘The rings are here well ma 
the medullary т: not much so, 
the grain is tight, and long 
planks can be obtained from the 
tree. The wood is durable and 
cheap, and i$ Mose commonly used 
in this country under the name of 
Us deal VE 


ked, 


st 


(2) Other conif used {ог 
timber are the Norway spruce, 
ог white fir, red spruce fir, ‘the 
pitch pine -(full of resin, and 
chiefly obtained from the southern 
art of North America), and the 
larch and cedar. 


(c) Broad-leafed Trees. Among 
the commonest of these used for 
furniture and building are the oak, 
eln, beech, sycamore, plane, pop- 
lar, chestnut, ash, walnut, teak, 
mahogany, etc. i 


(1) Oak. Bothwingsand medul- 
lary rays are here very distinct : 
and as the silver grain is so well 
marked, the timber of the oak 
tree often hasa beautiful flowered 
appearance when cut obliquel:, 
making it suitable for furniture, 
panels, ete» It is very durable, 
tough, hard, and strong ; but re- 


(b) As the syllable **/zr? is de- 
rived from a Latin'word meaning* 
bear or carry, the “ confers? must 
be cone-bearing trees, just as 


“northern” because they aré grown 
in the northern and colder parts of 
Europe and North America, where- 

some conifers are grown further 
muth. t 

The colour-name ig derived from 
the tint of the timber. Scotch firs 
are so called, because largely found 


in Scotland. "The length of the 
planks of deal is due to the 
leight, straightness, and — un- 
branched character of the pine 


trunks, as well seen in their use 
for telegraph poles, masts of ships, 
ete. 

(2) In all these trees the leaves 
are thin and narrow, — This divi- 
sion of conifers might therefore be 
called ** Narrow-leafed Trees”, to 
distinguish them from the next 
group of © Broad-leafed Trees” 
(Vide infra). In some the leaves 
are rounded, in others flattened ; 
but in both cases narrow. 

(c) Т will be seen that most of 
these trees are of English growth ; 
but the teak and mahogany dre 
foreign, and the walnpt is grown 
both here and abroad. ‘The leaves 
of all these trees are expanded, not 
needle-shaped nor narrow, like 
those of the fir, yew, etc. 3 

(1) The charaeter of this timber 
makes if specially suitable for ship- 
building. This is not now so im- 
portant as before the navy mainiy 
consisted of ironclads. But even; 
now the decks of ships, and very 
often the ribs also—specially öf 
wooden sailing ships—are made 


erucife. e cross-heavers among 2-7 
flow@s. е р 
(1) These are, of courte, called 
f^ 7 


п T from the sawn trunks and 
quires careful seagoning. branches of oak trees, 
с ` 


TIMBER. 


o ^ i 
Les gud Acorn of Common Oak 
HR EAD 


Leaf nnd Inflorescence of Common Ash 
(Елина exeelsior). 


Leaf and Inflorescence of Beech 
(Fagus sytvatica). 


Ф Leaf and Acorn of Quercus пеха ога), 


Leaves and Fruit of Spruce. 


5 
* 
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(2) Zim. In this timber the (2) As this timber-so well resists ` 
heartwood is much darker than | decay, and especially in damp? а 
the sapwood, aud of a reddish | soils, it is largely used for making 
brown. The woods very strong | coffins. The great girth of the 
and durable, even against wet; | tree also lends itself to this, as ‚= 
but is liable to warp. It is tough, | widéplanks can be sawn from the ^ © 
and therefore diflicult to split. bole, or trunk. а е о Р 

(3) Beech. ln this wood the (3) As beech timber js дим е * е 
medullary rays are very distinet, | when kept dry, it is suitable for 0 


so thes it splits readily 
warps, and is liable to be 
by worms, and to be spoiled by 
wet. 

(4) Sycamore and Plane. The 
timber-is light-yellow in colour, 
with fine distinct medullary’ rays, 
giving a very dappled appearance, 


(5) Poplar. The timber of this 
tree is soft, but durable when not 
exposed to wet. 

(6) Chestnut. This is the tim- 
ber of the edible, or sweet, chest- 
nut tree. This timber de 


but it 


d b 
early at the centre; but when | 


taken from a young 
strong and durable. 


(7) Ash. The timber of the ash 
differs according to the country in 
which it is grown (England, | 
America, Hungary, ete.) It is 
generally tough and flexible, and 
is therefore used for handles of 
tools, furniture, spokes of wheels, 
and carriage shafts. 

(S) Walnut. This tree grows in 
England, South Europe, the South- 
ern States of America, etc. The 
wood takes a gtod polish and is 
light and strong, and therefore it 
is mostly used for furniture. 

(9) Teak. This isa very strong, 
hard, and durable timber, and is 
capable of resisting attacks >of 
ingects and worms, owing to a 
resinous oi? in it. 


tree it is 


(10) Mahogany. This tree is of 


ked 4, 


bed-room suites (as is also the 

timber of the ash). о 
0 

c 

6 

(4) Lime trees —as Ше sycamore, 
maple, plane, ete.—are also very 
suitable for making bed-room furni- 
ture, because of their dappled varie 
gation of colour in the wood. 

(5) It is because of its softness - 
that poplar timber is mostly used + 
by the turner and carver, 

(6) In consequence of the decay 
found at the heart of old chestnut,” 

, only the timber pf those 
y or sixty years of age is used. 
can be employed whereyer 
strong and durable timber is re- 
quired. 

(7) The timber of the ash when 
exposed to dampness is apt to 
decay readily. It is, however, 
suitable for making ornamental 
furniture for bedrooms. Tts light 


tint also lends itself to this pur- 
pose. 


on 

(8) The beautiful colour, and the 
polish which walnut wood takes, 
fit it well for frames of pianos, 
chairs, sofas, and other ornamental. 


(9) This is like the oak in Бета 
very strong, and is hence used for 
а similar purpose, in shipbuilding. 
It grows abroad, and is the móst 
valuable hard wood that we im- 

ort. 


(10) Having similar properties 


за 
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Тмвев- Continued. 


Experiments and Observations. 


two rather distinct kinds— Hon- 
` *duras and Spanish mahogany. 
‘The formen comes from the West 
Indies, the latter from Central 
» America, Honduras mahogany has 
a xed colour and shade, n is 
largely used forefurniture. Spanish 
indhogany is still more beautiful, 
and is darker and heavier than the 
preceding, but not so durable. 


4 


Suggestions and Induction; 
to walnut wood, mahogany is used 
for similar purposes, in furniture, 
etc. As it grows wild in Hon- 
duras, and of great size, and is so 
plentiful, tlie commoner kinds are 
very cheap. — The better sorts are 
used for veneers only. 


е 


пт, Seasoning. —The first thing 
necessary to render the timber fit 
for use is to get rid of the sap and 
moisture in it, that is, to season it. 
his is done in various ways— 


(1) In Natural Seasoning the 
logs are sawn through and stacked, 
во as to allow of a free circulation 
„0: air between them, with shelter 
"from sin and rain. The drying 
must nót take place too quickly or 
the wood will be spoiled: 

42) Water Seasoning. This is 
done more quickly and cheaply 
than by the former method. The 
planks are placed in running water, 
Which washes out the sap in about 
a fortnight. The wood is then 
dried in the air. 

(3) Hot Air Seasoning. This is 
carried out in а hot oven, but the 
rapid proc®es is likely to split the 
wood, unless the planks be small. 


ПІ. As wood swells in taking up 
water, so in drying it contraets or 
shrinks. Of course it dries first, 
and post rapidly, on the outside. 
This c&uses warping and splitting, 
and it is to ay, *his that the 
wood must be seasoned. 

(1) As at all temperatures water 
18 constantly passing off as vapour, 
every wet substance will dry sooner 
or later when exposed to the air. 
This is why, in stacking timber, 
spaces for the air are left between 
the planks. 

(2) Very many substances are 
soluble in water. Many of those 
in the sap of trees are so. А соп- 
stant current of water, therefore, 
constantly dissolves out and carries 
away these soluble substances in 
the timber. 

(3) Besides drying clothes in the 
open air, we sometimes dry them 
in hot chambers. The same prin- 
ciple is applied here, the moisture 
vapourizing more rapidly, Ше 
higher the temperature employed. 


"This lesson on Timber should be 
отете didactic imparting of inform 


discover, This again inoia that 
specimens to accompany the lesson. 


obtaining from the children themsel¥es all that their own ey 


TBACHING NOTES 


rather a demonstration than a 
ation. The essence of it lies in 
can 
there should be a goog supply of 


. These specimens can be very cheaply procured. The carpenter, 
F К , 


joiner, wheelwright, and cabinetmaker would furnish most of them. 


(арте) 


F 
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There should be a place set apart for them in the school museum. 
For economy of space, the transverse sections of stems should not be 
more than one inch in thickness and six inches in diameter. The 
longitudinal ones should be cut in median section through the pith, 
or the part where this formerly grew. Each should be labelled, 
with its proper пате. л . 

Besides showing each specimen to verify the points referred to in 
the lesson, the visual memory of these should be strengthened by. 
comparison. The specimens allow of this, as in some cases the rings, ^ 
in others the medullary rays, are most obvious. ola 

Of course reference should be made, by way of illustration) to, 
all the articles of school furniture, and to trees growing in the 
neighvourhood, and to any trunks of these that may have been 
felled near. 1 t 

As the leaves are a very good test of the kind of trec, a collection 
of these should be made. The 1 be placed in a home-made 
portfolio of blotting-paper, to rb their moisture, aud pressed 
flat. The names of the, trees from which they come should be 
affixed. This collection should occasionally be used to teach: the 

Ppi Ms Ха Nee s 

names of thé trees from which the leaves have come, by way of re- 
minder after the lesson has been given. 

This lesson, especially in the country, and even in the towns 
where there are trees growing in the publie squares, parks, and 
gardens, should be found very interesting to children. 


(C) THE MINERAL KINGDOM. 
19. GRAVEL AND BOULDERS. | (Reaper IIT, p. 80.) 
Illustrative Objects. Coarse and fine sand; pebbles from 


a river bed, gravel from a gravel pit, and boulders from the 
вед-вНоте, 


EI 
Experiments and Observations? Suggestions and Inductions. 
1. River Gravel.— (a) This piece UT (а) When we see the rocky 


of river gravel which I hold in my | bank of a rapid stream fall in, we 
hanil has corners, ог angles, on it. | notic hat the pieces of rock first: 
It is not all perfectly rounded and | broken off are very large. After 
smooth asan egg, nor even as this | a time these become smaller ‘by 

USE or larger boulder from a sea- being knocked against, each. others: 

peach. 9 especially during floods, ^ 
fb) But some of its surface is (6) These larger pieces do Not 
smooth; аһа its corners are not so | break across the middle, as when 
sharp as those in this other piece | the stonebreaker breaks stoned for 
of rock which I now break off | the road. It is the sharp edyes 
s 


с 


с 


LA 


^. and that it is done by 


GRAVEL AND BOULDERS, 


River-worn Stone. 


Wave-worn Stone, 


° 
e. 
д а ? *? — GRAVEL AND BOULDERS— Continued. 
es 


xperiments and Observations, 


with a blow of my hammer, fromg 
this latger lump. 
D 5 


(е) Though the corners have been 
partly knocked off, yet they are 
not rounded, nor made smooth. 
eSomething has roughly worn or 
knocked them oH. "Phat *'some- 
thing" is water. 

(d) We have already learnt some- 
thing about this kind of action 
(Vide supra, Standards I., П.), 


(е) We see this work sti going 
on wherever there is a river, or 
swift running stream, especially 
one that floods at times. 

(J) But we also find the work 
already finished and completed, 
when the river that did it is no 
longer to be seen in the place 
where it formerly dropped down 
the gravel. 

"his is the case in our old gravel- 
pit, whichgis full of the same kind 
of half-worn stones. These were 
washed where they now are by a 
river that has long since flowed in 
some other direction, or has alto- 

ether ceased to flow, leaving dry | 
and where it formerly flowed. | 


Suggestions and Inductjgns. 


ut first removed by the water, 
as they are most easily knocked 
off. 

(c) Moving water hasquiteenongh 
force in it to do this work, as we 
see Пр floods washing away trees, 
houses, and walls of great + 
thickness and strength. 


(4) 


(6) This is proved by the 
rance of this Meal collection 
el, obtained from a neigh- 
stream or river well known 
to all the class. This work is 
seen in different sfages; some of 
the gravel being quite “sharp”, 
other portions almost rounded. 

(f) In the lesson on Coal we 
learnt that what was once the top 
of the ground,—where mosses 
ferns, ete., grew,—is now beneath 
the surface. The same thing is 
seen in a gravel-pit. Very often 
this is now situated where the 
mouth of a river used to be. But 
since that time other rocks have 
béen washed by the sea, or by 
other rivers, over the old river 
mouth. So the gravel-pit is now 
beneath the presefit surface of the 
ground, 


ell. Sea-Beach.—But in the les- 


501 on Wave Action (Vide supra, 


Standard IL.) we saw that waves 
off the sea-shore did the same kind 
of work as rivers, and you now see 


this also by the appearance of this 
pebble in my hand. 


П. There are not very large 
waves in a river, because the river 
ietoo narrow for the wind to get 
force enough to make big waves. @ 

But in the sea thi is not so. 
Waves there are made by winds 


| blowing from great distances, and 


L 
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GRAVEL AND BOULDERS— Continued. 


Experiments and Observations. 


Suggestions and Inductions. 


Comparing the river gravel with 
the pebbles from the sea-shore, it 
is evident that the waves do this 
work better even than the river. 
They not only knock off the rough 
corners, but they also smooth and 
polish them down, until the pebbles 
on the beach become rounded, and 
often nearly as smooth as glass balls. 


II. Ice Boulders.—(a) But it is 
not only water in a /iquid form that 
does this kind of work. Water in 
a solid form—as in ice— will do 
the same, only not so perfectly as 
flowing water. MS 

(b) NS is а boulder which was 
once wedged е bottom of a 
glacier, or river of ice, Now you 
see that one face of it is worn 
flatter and smoother than the 
others. That is the side that was 
once grinding on the bed at the 
bottom of the glacier, as the latter 
was being pushed along. 

(c) But even this one flat surface 
is not so smooth as ай the out- 
side of the beach pebble is. The 
former is marked with streaks and 
scratches, made by the hard bed of 
the rock over which it was forced 
along as the glacier was grinding 


on its downward slide. 


they can break even the largest 
ships to pieces. 5 = 
These large waves, therefore, аге 
strong enough to liyt up the pebbles, 
whereas rivers only roll them along 
onthübottom. The waves dash the “и. 
pebbles against each other, and so 
wear them down to coarse, and 
then to fine, sand, and even to silt. « 


II. (а) In later lessons we shell. 
see that water can exist in three 
forms: as a solid (ice), ora Liquid 
(water) or as vapow: The work 
of the iceberg and glacier will also 
be pointed ont. 

(0) Stones are very often em- 
bedded in ice, as we can see when 
we lift up a sheet of ice in a pond 
which hasbeen frozen right through 
to the bottom. 

When stones are thus frozen in, 
they are wedged in almost as tight у. 
as the steel blade of the chisel is’ 
fastened to its handle, — 

(с) If we saw a piece of scrubbing 
stone that had been used, we shoud 
know it from a new piece, because 
of its being partly worn. away. 
We should HS see that it had 
streaks and scratches, from rubbing 
hard against the door-step, ete, 


TEACHING NOTES. 
I. This and the next lessonemust be 


to those sketched in outline, 
Standards Т. апа 
Lessons 96 and 99, Th 
be to amplify these 
together; and to tr 

Tt is very import 
of Nature working 
evidences of their work in tfie 
теђпігей, gr are to be found worl 

It is equally important to teac 
forces, however apparently 
there js practically no limit), 


T 
e 
considered as а supplement: 


E in simpler forms and terms, in 
П. (Natural Phenomena), and as 


a preliminary to 


e principal aim of the teacher here sliould 
previous illustrations; to connect the effects 
race the Causation a little more scientifically, 


ant to establish the “general law” that the fordes 
at present are the same 


as those that haye lefts? 


past; and that no new forces are 

king at the present time. 

^h the children that these natural 

feeble, only require time (to which 

to accomplish the-greatest results seen 
А 


е 


з 76 A 
WORK OF RIVE! 85 
on the earth’s surfa This is the true scientific aspect of the 
ə question, A 
ТТ. In the country reference must be made to v side 
resorts, especially to those with beaches. On the seaside the lesson 
? may be more abundantly illustrated by specimens gathered from 
the shoredy the children themselves. Неге also the teacher should 
point to the stages of the work done, as shoyn by the varying 
ə ə results in the larger compared with the smaller specimens of the 
Теше, pebbles, and sand (coarse and fine). 
«э» ә 
Б 
е - 
.¢ è = 
ЕЯ 39: WORK OF RIVERS. (Reaper IL, p. 84.) 
e 
^ d 5 
Illustrative Objects. Pictures pp. 85, 86. 
? Experiments and Observations. Suggestions and Inductions. 
e JEDA EI p^ m >т тайды 
Т. Cafions.—(a) Besides the work I. (a) Rivero much more than 
done by rivers, which we previously s spoken of in the previous 
spoke of in the lessons on Natural sons, and much more even than 
Phenomena, there is other work of | is here stated. They bear ships up 
ihe same kind. We see this by | and down; they carry the rains off 
^. looking at this picture of a cañon, | the land; water cattle, and give 
ог deep river-bed cut out of solid | water to men living in large towns, 
rock by ruming water. ete. 
а (0) Here the sides ог walls are (b) The countries where these 
+ — mot sloping, as in most of our own | canons found cannot have very 
river valleys, but steep as the walls | . or the frost would 
of а house. That is because they steep walls, as it 
are made of solid rock. This does in other and colder countries. 
not tumble and erumble, and be- We have a few narrow river 
tome so easily washed away as | valleys, a little like these cations, 
Сау and sand do. in our own country, in Derbyshire. 
* (e) That, again, is the reason why (c) Steep walls must keep the 
the valley, is so narrow. A wide | river to оле bed, and stop it flood- 
valley is generally sloping, and a | ing over, and washing away, the 
narrow one steep. lend near the sides. 
(d) But though narrow, thecafion (d)-The river may not be very 
is not shallow. The river in it has | deep, but the bed it makes is so. 
Ч lad time, (in most cases thousands | We must expsai to find these 
of years), to wear away ghe rock | cations, generally, in rather soft 
to a depth of hundreds, and some- rocks, that are easily eaten away 
Cimes of thousands, of feet. by water, such as limestones. 
SIT. Deltas.— (а) In this map we II. (а) In many cases where we 
See that there is а river which | now find a Фейа at the mouth of a 
flows from south to north. Itis | branching river, there used at опе 
. the River Nile. time to be a gulf like that now at 
The country it flows through is the mouth of the River Lune (see 
Egypt. diagram). . This gulf the river filled 
| ¥ A 
^ 
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SEE 


MEDITERRANEAN 


DELTA OF THE 
NILE. 


| ESTUARY OF THE 
LUNE. 


т" 


pon 


| 


D 
LJ D + 
* wide arms, and into very many 


> 


WORK OF 


a 
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Work or Rivers—Continued. 


Experiments and Observations. 


Suggestions and Inductions. 


__ The sea it fiows into is called the 

Mediterranean Sea, about which 
you will Bear a great deal some 
day. 

(b) This River Nile сотеѕ оул 
at first in a single stream, as 
shgwh,oit the fap. 

hen i branches out into two 


„smaller ones. 

(^) ив is because the riveigl 
brings down with it so much mud, 
that this is aBways choking up its 
own bed, Then the river water 
overflows, and so is forced to make 
а new bed for itself in its course 
fto the sea. 

(d) This mud gradually becomes 
heaped up in the sea near Ше 
mouth of the river, until it rises 
above the water, forming flat land. 

This low flat country at the 

"mouth, or alongside the branches 
of a river, is called a Delta. 

We see the Delta of the Nile 
Yüarked on the map. 


III, Estuaries.— l'rom this other 
map you see that a river does not 
always fill with mud the sea near 
jtsmouth. The map shows that the 
River Lune, in our own country, 
does not choke itself up at the 
mouth as he Nile does. 

This is beeause the tide flows up 
und down the wide mouth of the 
Lune; thereby washing away the 

mud the river brings down, and 
carrying it out to sea, Thus an 
Estuary is formed ; and yeu see it 
ig the opposite to what a delta is. 


fruitful. 


up with mud, thus turning it into 
land, and closing up the gulf. 
After that the river dropped its 
mud further qut to sea. 

(b) The roots of a tree run hto 
its stem: the branches run out of 
it. "These side streams of the delta 
are thus (rue branches. Any rivers 
flowing into another are ‘‘feeders”, 
not “branches”. 9 

(с) Sémetimes we see something 
of this work of silting up done in 
our own streams after a flood, and 
even in a gutter after very heavy 
rains. There are little mud-banks 
and Sand-banks left behind. 


(d) This Delta of the Nile thus 
grows larger every year. Being 
во flat the country cannot be very 
healthy; on the contrary, a great 
deal of fever occurs. Being so 
well watered, and in such a warm 
country, the land must be very 
That is the reason why 
Egypt can produce two crops in a 
single year. 

1 the (ide comes in— 
or ‘flows”—it carries wrecks, 
sea-weeds, ctc., ashore. When it 
goes out—or ‘“‘ebbs t carries 
wrecks, sea-weeds, etc., oul to sea. 

Here it is mud that is carried 
about by the water. So it is the 
ebbing, not the flowing tide that 
des the greater part of the work 
of keeping the mouth clear, and 
thus turning it into an estuary, 
But the river it also does some 
part of the work of carrying the 
mud out to sea. 


^ 


that the c 


TEACHING eNOTES. 


T. This section will not require further remark, beyond. safing? 
s should be taught to recognize in the pictures the 


various items indicated in the lessons. 


> П. In taking the Delta of the Nile as the ¢ype for illustration, a 
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little may be said to the children of the Sruitfulness of the land of 


Egypt as referred to in the Bible. 


ILL This section should be put into contrast with IL by com- “© | 


paring the two types, the mouths of the Lune and Nile. 


e 


9 
21. CLAY. (Reaper HL, p. 91.), 


Illustrative Objects. 


eo Ur 
Differently-coloured clays; articles ol + 


potters, tile, brick, piece of drai 


280 


[ 
а 


" 


^on 


n pipe, ete. 


Experiments and Observations. 


Clays.—(a) In speaking of the 
Action of Riv we mentioned 
their washing down sand and зац. 
ОЁ these, mud is the lighter, and 
so is carried fartlic, r 
to the middle of the ich 
the river emptie When 
this mud becomes 7 d by the 
weight of rocks above it, and dried 
from the water being pressed out 
of it, we know it as clay. 


elf. 


(P) We see this hardened cl 
Sometimes in the form of shale, 
which^is often as fliky as pie- 
crust, It is no longer soft and 
“lumpy” as the clay mentioned 
above, but is hard and compaet, 
showing the layers in which it was 
at first laid down by the river. 

(c) Clay may be of almost any 
colour, and may be also either very 
fine, or very coarse. 


(4) The finer sorts are used to 
make drain-t: » pottery, earthen- 
Wate, porcelain, дай china. This 
is because clay can be easily 
moulded; and also because it sets 
hard when burnt, and so makes 
good dry storing vessels, 

(e) lt is only so longas clay keeps 
moist and damp that it remains 
Plastic. ТЕ be dried in the sun 
it then hecomes harder, and will 
not then mould into shapes, until it 


се 
UP 
iggestions and Inductighs. ^ 

= 1°, = LAC 
Mter we have shaken to- 
gether, in a glass bottle of water, 9 
some coarse sand, fine sand, and 
mud, we see that the coarse sand 
dvops first to the bottom, then the 
Jine sand, and, lastly, the maul. 

Tn the same way, a river with . 
tances in it, drops 
first the course sand on the banks; he 
then the fine sand at the mouth ; 
and, lastly, the mud furthee out to 
sea, 

(^) Thi in /ayers, often with 
a little sand between them, thus 
showing that the clay has been 
dropped down by a river at cer- 
tain times, Intervals of dry 
weather, with little water flow- 
ing, have perhaps occasionally 
checked the deposit for a time. 

(c) Red is the commonest coloúr, с 
especially in brick:claysz but other 
common clays are blue, grey, and 
gn 


(d) The very same property рай 


enables us to шаКе bricks, drain- 
“= 
+ ! 
ч 
4 9 


pipes, ctc., out of coarse clay, 
proves nseful in making the finer 
articles (pottery and porcelain) out 
of the finer material. — We call this 
the plastic property of the clay. 

(e) We see a difference between 
bricks dried in the sun and those 
baked in the kiln, by noting that 
the former crumble down into mud 
in the villages of Egypt when 


^. CLAY. 


LONDON 


За о 


Section of the Thames River. — 


D Oray— Continued. 


А " Experiments and Observations. 


Suggestions and Inductions. 


hys again been wetted andkneaded. 


the modelling clay used in Infant 
Schools This has to be kept moist 
by a damp cloth, or else wetted 
each time before using. 
И clay be baked, as in a kiln in 
* rick-making, it is not only no 
` longer plastic, but it cannot be 
made so again, even when wetted. 
16 may then suck up water (absorb 
it), if porous, and if not glazed; 
a but it cannot again be kneaded or 
‘moulded. This is why it is so 
useful dor storing purposes, for 
building materials, and for drains ; 
agin dry vessels, bricks, and pipe 
(/) Whilst clay is moist it will 
keep out water, instead of absorb- 
ing it, ov letting it pass through — 
as it does in baked porous vessels 
made of clay. For this reason clay is 
used to close or seal the joints of 
as, water, and other pipes, and 
fof lining the bottoms and sides of 
canals, resscvoirs, fish-ponds, ete. 


o 


Il. Kinds of Clay.— (a) Medelling 
Clay. This is seen to be cream- 
white in colour, rather fine in tex- 

=a ture, and ensily kneaded or moulded 
що shape, se that it will weld on 
other masses without leaving a flaw 
between them. This last is a very 
important property for the employ- 
ment of it in making objects for the 


ГА БОО instance of this is seen ing 


flooded by the Nile, and fat the 
latter dre used in brick embank- 
ments and quays оц the river sides. 

This shows that baking does 
something more than draw off the 
moisture in the clay. Clay is made 
of уу many materials, and some 


of the: , or melt, in the heat 
of the kiln, anf hence become very 
altered; and others are equally 


changed by the heat, though not 
by fusing. 

further illustration, the 
difference can be shown in the 
objects made in modelling clay, 
when merely dried, and when sent 
to be baked in an oven. 

(£) Of course the clay only keeps 
out water when it is saturated 
with it. We see this in a clay 
t, the surface of the 


After a heavy rainfall, 
is no longer 
absorbed by the сщу, but forms 
pls on the top of it; the clay is 
therefore (broadly speaking) im- 
pervious to water. 
В до UE 
IL (а) We have already seen 
that clay is made up of very many 
different materials. As these differ, 
or differ in proportion, in different 
Фуз, we get different kinds of clay, 
just as we have different kinds of 
coal, ete. Ы 
One of the most obvious differ- 
ences is that of colour; another, a 
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school-room, etc., such as fruits, 
birds’ nests, ete. It is also used 
for making tobacco pipes, because 
of its white colour. 4 


(b) Fullers Earth. This is 
greenish-brown in colour, and is 
only found in a few places in the 
crust of the earth. It does not 
readily knead together into a mass, 
that is, it is not plastic, but acts 
more like wet sand in crumbling 
into pieces, . 

But it absorbs oils and Hrease, 
and was therefore originally used 
hy the fuller in preparing cloth for 
the market, to take away the 
grease natural to the wool. Now 
we can do this better by means of 
alkalies (soaps, soda, etc.). It is 
now most used to eure sores made 
by chafing in parts of the hody 


that have become tender from 
rubbing togethey. 
(c) Brick Clay. This is stiff 


though plastic, and when baked 
resists great crushing power and 
immense weights, so that it is made 
into bricks for building. Bricks 
are red, white, yellow, or blue; 
the colour depending on the nature 
of the brick-earth used, and on the 


baking 


s differ as to the amount of 
water they absorl—the softest 
taking up nearly a pound (15 ozs.) 
each brick. Glazed blue bricks 
hardly absorb any water, and 
are therefore used in damp-proof 
courses for walls of houses, ete. 
mice pake are often fused, or 
melted, on the outside by fhe пт. а 
heat of the kiln. Ў Е 
(9) Fire Фау. This resists the 
Доре, and is therefore used. 
or making bricks, etc., for lining 
stoves and furnaces, and for шак: 


much more important опе, is ihe 
plastic nature of the clay. This is 
very marked in modellingy clay, but 
almost absent in fuller's earth ( Vide 
infra The chief remaining differ- 
ence is as to texture „(fine ог 
coarse). 7 За 
(b) The fuller is mentioned in the 


Bible, and his occupation, there- ` 


fore, must be a very ancient one» _ 


* Sheep's wool is at first very full 
of animal oil. This is partly got 
rid of in the washing of the sheep 
before shearing, and partly in the 
cleaning of the fleeces. But there 
still remains some grease after 
these two cleansings, and this 
must be removed. Fats and oils 
are best removed by substances 
just opposite in their mature. 
These are called alkalies, or the 
opposite to acids, Fats contain 


Jatty acids, and the alkalies (soda, 


etc.) lày hold of these, and enable 
us to get rid of them, and swill 
them away in hot water (lather). 

(c) As the walls of houses and 
other buildings sustain the weight 
of themselves, of the floors and 
their contents, and of the roofs, 
they must Бе made of materials 
that will not break, bend, mor 
crush under the strain put upon 
them. Bricks are suitable for this, 
but not to the samecextent as 
granite, ete. | 

We must not think this taking 
up of water by the bricks а bad 
thing altogether. We see there 
must be some use and service in 
it, for? bricklayers steep their 
bricks in a tub of water, or pour 
water over them, before building 
them up into a wall. This is to 
make the mortar cling to them. e 

(d) As fire slowly burns away 
iron, we need something inside 
furnaces, stoves, etc., to prevent 
this destruction. The firebricks 


| 
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"ing erucibles in which glass, metals, 
cte., may? be melted. е 

(ë) Porcelain Clay. This is the 
fine-grained kind of clay used for 
making porcelain and china. For 
this purpose it is, however, mixed 
with other materials. It is some- 
times known as china-clay, because 
porcelain was first made in China. 
‘There are very many ieties of 
if, gud hence many different kinds 
of porcelain ware, such as Royal 
Worcester, Srown Derby, Doulton 
ware, and many others. 

The best porcelain’ clay in Eng- 
land is found in Cornwall, and it 
is this that is used at the Royal 
Porcelain Works at Worcester, and 
also in Staffordshire for Wedge- 
љорӣ ware. 

(7) Pottery Clay. Thisisa kind 

clay intermediate between porce- 
lais Сау and brick clay. At all 
times, and in all places, it has been 
used for making vessels,—among 
Savages, and among the most 
civilized peoples. 


e 


do this, and are cheap {о re- 
place. 

(е) As uncivilized tribes can only 
make coarse pottery, we can tell 
the degree of civilization of a 
people by the beautiful shapes, 
colours, and ornamentations of 
their porcelain. Butas civilization 
is of very slow growth, we can, 
therefore, at the same time tell the 
age, ov the oldness or newness of 
this civilization. We thus learn 
that China, Japan, Greece, and 
Rome, all of which make, or once 
mage, beautiful porcelain ware, 
were of ancient civilization. 

Modern makers have largely 
copied from the Werks of Greece 
and Rome. 


(f£) Travellers bring back with 
them, as curiosities, pottery ware 
of the most uncivilized tribes of 
people, especially pots for holdiñg 
corn and water. 

Every household in a civilized 
community also shows the great 


e о 
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Earthenware articles include | utility of the plastic arts employed l 
pipkins, cups, saucers, plates, | in moulding clay. Formerly, in © 
basins, ete. Опе kind of this | England, wooden and pewter plat- 
ware is known as„stoneware, but | ters were used. 
it is really made Of plastic clay, 


with which sands and cements are M ^y ° 
mixed to give it toughness and “Е р. 
smoothness. | оО, е 
RE = Rp 
TRACHING NOT b eet t. dw 


The meaning of "plastic" and “plasticity” may be exc mplifiel — , 
by moulding before the class а bird's nest, apple, etc., out of 
modelling clay obtained from the Infant School. 

At this stage the class ‘шау be informed that the rocks washed 
down and depacited in beds by water (Sedimentary or Aqueous 
Rocks) ave of three kinds; and that clay is one of the three. 

The relationship of shale to clay may be shown by breaking down 
a piece of shale in water, aud making clay proper from it. 


22. SLATE. (Reaper IIL, p. 94) $ | 


Illustrative Objects. Differently-coloured shales. A brick 
made out of shale at a colliery. Slates, coarse and fine, green 
and blue, and variegated. `A picture of a slate quarry. 
Diagram of strata, with clay beds in them, and with slate 
rocks beneath. 9 


= Ea 2 ©\._ - 
Experiments and Observations, Suggestions and Induetions. 


I. Origin. — (а) This isa hardened | 
ау; It has become so from the | 
great weight б rocks above it; 
from drying in the crust of the 
earth; and from other changes that | 
took place in it whilst lying there, 
especially from the mountains near 
pressing up against it. e 


L (а) Rocks must be very much 
changed after lying a longetime 
deep down in the “crust of the 
earth with the weight of other 
vocks pressing them close together. | 
Coal has been thus formed (Fide. 
Standard IL, Coal) from meret = 
vegetable matter into a mineral 
s ne. 4 substance. 

(b) Slate is obtained from great (b) Any place from which any 
пана masses, especially in | kind of rock is obtained is called a 

ales In the picture we see “quarry”. So we have granite 


6 


0 
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Section of Strata with layers of slate. 
де, which intersect the rock at а consider- 
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how it is “quarried” out in great 
steps, or “terraces”. 
lt is carried from these on rail- 
way lines, shown in the picture. 
Tt is so hard tha 
to be used in blasti 


II. Description. 

from clay in heing 
it is us property which и 
it so useful for roofs, ccister 
gravestones, etc. 

(0) The colour of slate varies 
according to its nature and the 
locality from which it is obtained 
The commonest sort is day 
but it may also ha 
a bluish tint in^; 
colours, 


utches of these 


(c) The texture of sl 
ated. That is, it coi 
layers, which rend 
being easily split into pl 
is this property which mak: 
80 useful for roofing purposes, 

(d) It is also compa atively light, 
which again renders it suitable for 
covering roofs of buildings. 


(e) This rock varies in degrees of 
hardness, some kinds heing suf- 
ficiently hard to be sawn asunder, 
‘These varieties are also impervious 
to water, and are hence usedefor 
cisterns, ete. Other kinds are 
looser in texture, and softer, and, 
as a consequenes absorb water, as 
may he seen by dipping them iu 
water, and then drying them. 


o 

17) The lamination of slate does 

bot, as in *nost other rocks, show. 

where the mud of which it was 

originally made was laid down in 
зара ee 


quarries, limestone quarries, sand- 
stone quarries, and slate quarries, 
These are generally dng out of a 
hill, or mountain side; and not 
reached by means of a 
in {йе case of a coal pit, € 


II. (а) We know slate рз Well, 4 
because it is used in very thin: 
layers for roofing houses; and yet. 
the slate was once a solid; nass ih 
the quar 9 

(^) The colours gin® fosks are 
chiefly due to the metals they con- 


tain. These do not often exist as 
pure mei 14 not very often as 
ori generally melted 


down into the rocks themselves, 
if igneous, or finely mixed up with 
them in many of the different 
forms that metals take (oxides, etc, ). 

(с) We see that rocks differ very 
much in feature, and some are ever" 
looses as sands; others „аре, as 
fuller's earth ; someagain fenacious, 
as clays; others hard, as вдъй- 
stones, crystalline, as granite. 

(d) The weight of slates will of 
course vary very much with the 
variety, being ‘greater in those 
kinds which are compact, than in - 
those that are loose in texture. 

(e) The hardness will evidently 
partly depend on the texture. Whe 
finer the particles of dhe original 
clay-mud, and the more these have 
been pressed together, the harder 
the slate, 

But since slates were first, laid. 
down at the bottom of the sea, 
and have undergone many other 
changes than that due to. pressure, 
the hardness must also depend^on 
the imture and extent of these 
changes. а 

(7) If we put sheets of cloth on 
the top of each other, and place 
enormous weights on them, enclose 
the whole in a wooden frame-work, 


o 


shaft, as 
се 
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layers. Indeed, generally speak- 
ing, these planes are at a great 
angle to the “bedding”. We call 
these levels, or layers, “Ле cleav- 
апе planes", or the planes along 

ə which the clay will most rfudily 
slit, But they were produced 
frem gv very *lifferent cause from 
атца? or laying down in sedi- 
* mentary deposit. They are the 
»etiect of the side-pressure to which 
еу» lawe been subjected, wherf 
disturbed gn the crust of the earth, 
rather than 10 pressure from abore 

on these deposit. 


o - 


(д) This latter point reminds us 
that slate rocks are generally very 
jsturbed and xupheared. This 
‚ is because they are very old, and 

because, they were at one, time 
deep down in the earth’s crust, 
until tilted up by earthquakes and 

2 БАЗА 

volcanic disturbances. 

They thus frequently lie on 
the sides of great masses of the 
still older igneous rocks, such as 
granite. These two rocks аге 
often found together,— the slate 
over the granite,—in many parts 
ЖЕЕ, where the oldest rocks 
come to the surface; especially in 
the Lake District, in Charnwood 
Forest, in Leicestershire, as well 
аз in Wales, 


and then squeeze in the mass by 
great side-pressure, we shall pro- 
duce similar changes to those which 
have been brought about in slate. 
The cloth wilbnot be able to force 
a way upwards, downwards, or 
sideways: it will therefore rise up 
ges amd folds. 
This gives us a rough notion of 
some of the changes whieh rocks 
undergg in the crust of the earth. 
We get other changes that ex- 
plain those in ‚ by squeezing 
from the side 1 f clay, at the 
me time sending currents of elec- 
icity, through the mi This 
s to become laminated, by the 
appearance ofepsomething like a 
layer in the ma 
(y) The appearances of seams of 
coal in a disturbed coalfield, where 
the rocks beneath have been lifted 


gone in very disturbed areas. 

A great force from beneath would 
raise up the rocks above, and rend 
them by ‘‘joints” and “faults”. 
‘Or the granite rocks beneath, being 
lifted up, would raise up the slates 
upon them, and, breaking the 
layers, leave them in sharp, jagged, 
pointed masses, as so often seen in 
slate districts. As these slates are 
also frequently very hard and com- 
pact, their jagged peaks would 
long resist the action of the atmos- 
phere, rains, etc., and so long 
remain bold and yugged. 


e 


А TEACHING NOTES. 


Sa The teacher should show the “cleavage lines” in slate, but be 
Syre not to tell the children that theseare “bedding lines”, or layers 


originally deposited at the bottom of the ocean. 


mostly due to side-press 


leavago is 


ме of mountain masses in their upheaval ; 


but this, of course, must at present be only lightly glanced at, so 


far as the children are concerned. 


o 
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23. CHALK. 


Illustrative Objects. 
stone, lime, morta 
Flint. 
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Drawing: chalk, rough chalk, lime- 
, and cement. Diagram of foraminifer. 
9 


Experiments and Observations. 


Suggestions and Inductions, |, 


I. Chalk.—(a) Here is a piece of 
chalk brought from the cliffs of the 
south 5f England. It is white, 
fairly hard, not in flakes tike coal, 
or shale, not to be moulded (plastic) 
like clay, and it does not break 
up into grains like sandstone (Vide 
infra). It is fairly compact, and 
holds a certain amount of aster in 
it. 


(b) It is mostly made up of tiny 
“shells”, in shape like those drawn 
on the blackboard; but too small 
to be seen with the naked eye. 
Bits of corals and sponges, together 
in some cases with flint, are also 
found in chalk. 


(c) The little creatures that once 
dwelt in these ''tests", and left 
them at the bottom of the ocean 
when they died, lived hundreds of 
thousands of years ago. © They 
really built up the great hills 
and cliffs of chalk in England, 
and in so many other parts of 
the world. 

(d) This chalk is now used by us 
for the bottoms of walls, and- to 
fill in foundations of roads; but 
above all to make ime, after it 
has been burntda a lime-kiln. 


(е) The chalk on the south-east 
of England is continued underneath 
the Strait of Dover, and reappears 
on, the opposite coast of France. 
In some Darts where the chalk 
hills reach the coast, as at Brighton, 
near Ках орге, at Folkestone, 


I. (a) There must he a ltirge 
quantity of chalk in England, jr 
the Dover cliffs in the picture are 
several hundreds of feet ligh. 
These chalk heights run, moreover, 
along the coast for Qatiy miles, 
and extend back inland, mak- 
ing the North and South Downs, 
and stretching across the country 
from Wiltshire to Flamboroug!. 
Head. 

(0) The creatures that lived in 
these ‘‘shells” are all dead. They 
have not even left any bones, for 
they had none. They must there- 
fore have belonged to the animals 
with чи backbones (Invertebrates); 
and, as they are so simple in struc- 
ture, to low forms of these. 0 

(с) АП these remains of animals 
(and plants) that lived long ago 
are called fossils. Sometimes о 
fossils are larger shells, and even 
large bones of animals, Неге 
they are so small that we want a 
magnifying glass to see them, But 
they are fossils all the same, — 


(d) As chalk and limestone are 
really carbonate of the metal ca/- 
cium; and as all carbonates con- 
tain carbonic acid, from whieh 
they derive their name, this gas 
must be present in chalk and lime- 
stone. 

(е) The chalk is seen under "he 
sea, when the tide is at ebb аб} 
Brighton, and other south-east 
coast towns. It is then also seen 
to be of the same nutwe as the 
clitis, and has flints in it, if there 
аге such in the chalk on the land: 


o о 


on 


Shells of Foraminifera, greatly enlarged. 
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Doyér, Ramsgate, etc., they make 
headlands. gSome of these are 
very high, as that at Beachy Head, 
near Eastbourne, 

Between the North and South 


Downs is а broad and long plain 
(the Weald), which was also at 


one time covered with challa; but 
this has since been remoyed by the 
action of the water. 3 
@ The chalk is also found under- 
пещ и the surface to the north and 
South of these Downs. 

(7) As chalk is so very porous, 
We get large supplies of water from 


It is from the chalk cliffs of old 
England that its still older name 
** Albion”, or the White Country, 
isdérived. The chalk is frequently 
eight hundred feet thick, and very 
close to the surface. On the 
Downs there are rately more than 
six inches of soil, and hence the 
s there is very short, though 
very suitable for feeding sheep. 
The **South-Down sheep ” in turn 
ar@small, but sweet-eating ; these 
results are dependent опе chalk. 

(f) The rivers that run between 
the North and South Downs are 


it, where it rests on clay. London | not checked in their courses by 
(x12) G Ў 
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(partly), Brighton, and Folkestone, 
are thus supplied with water from 
the chalk. But as chalk is also 
slightly soluble in water, this 
supply gives “һата” water, be- 
cause of the salts of lime in it. 

(7) A very important feature of 
one division of the cl is to be 
noted in the flints. These are 
found"both in nodules, or more or 
less rounded masses, and'in layers: 
When these are broken up in cliff. 
falls, and ground down by wave 
action, they furnish the bon/ders 
and pebbles that make the beach 
at Brighton, thourne, "Folke- 
stone, Dover, ete 

On the Downs tuems s 
Ше chalk has been dissolved out, 
and washed away by rains, the 
flints hive been left behind. This 
explains how it is that underneath 
the short turf of the Downs there 
is generally a layer of flints, some- 
times a foot thick, 


II. Limestone.—(«) There is a 
kind of building stone that is of the 
sume nature as chalk. It is called 
limestone, because, like chalk, it 
сап be baked in a kiln, and turned 
into “ашек- Ше”, as we call it. 
It consists of the same materials 
as ‘chalk (“carbonate of lime"), 
but was not laid down by: the 
same kinds of animals. 


12 

(6) Limestone is harder than 
chalk, and can therefore be used 
to make the stone framework of 
doors and windows, pillars, and 
other parts of bnildings. Iv is 
generally white or cream-like in 
colour. С 

(c) One of the most useful pro- 
perties of limestone employed as a 


these heights, as is generally the 
case with elevations, They have 
dissolved out for them: elves valleys 
through the Downs. ‘This is a very 
magked geographical feature in, 
Kent, Su ind Surrey, í 

(y) We have seen that, the 


“tests” of the creatas from _ 


which chalk was originally mate, 
were partly /linty (siliceous), in 
their nature. We haye Uso" seen 
that sponges have in them, in cer- 
tain varieties, stars aid Needles of 
Sint (Vide Lesson on Sponge), It 
was chiefly from these two sources 
that the flints found in chalk were 
derived. This is sometimes very 
clearly seen. That is, there are 


Jossil sponges still left in tlie chalk, 


and around these are deposits of 
flint; or the sponge is encased in 
flint. Often; on breaking a flint, 
the fossil shape of the sponge is 
seen inside, в 
Therefore, both the rock itself 
and the flints in it, show the eni- 
mal (organic) origin of the chalk 


П. (a) In the places where there 
is plenty of chalk, as in the south 
of England, lime is made from 
this. 

In other parts of England, where 
there is no chalk, it is made trom 
limestone, for limestones are more 
widely spread about (distributed) 
than chalk is. The Pennine Chain 
is made of limestone, and there are 
beds of it in many other parts of 
England. 

(o) Only the best houses can be 
made entirely of stone, in districts 


where there are no quarries. But _ 


even poorer ones mostly have some 
limestone (or sandstone) in them, 
over doors, and for window-sills, 
door-steps, ete, 

(c) Durability is a very import- 
ant feature in à building material. 


t 
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building material, is that of bemg 
easily worked. Тр can be readily 
sawn into blocks, for mullions for 
windows, ete, In this respect it 
is very different from granite., 


(4) АБ the same time limestone 

* is Miriy compact, and will resist 
“азе crushing weights, and muck 
wear and tear. It is also not so 
firfibie as some loose sandstone: 

1T (е) ЗАД the aqueous, or sediment- 
ary, rÜeks avery: originally formed 
out of the igneous rocks (granite, 
ete, ), worn down by rivers, glaciers, 
etc, These igneous rocks contained 
in them the materials from which 
sandstones, clays, cte., were after- 
wards formed. ‘They als ntained 
salts of Jime. Some limestones, 
therefore, are made from the 
materials, and are not of an animal 
S(orginic) origin. These inorganic 
limestongs were generally laidelown 


by rivers, and not often at the 
boftoms of oceans. 
(J) When limestones are sub- 


jected to great heat in tl t of 
the earth, —as when lava is thrust 
through them,—the texture be- 
comes altered, and the rocks be- 
come crystalline in structure. The 
hest instances of this are seen in 
the various marbles. 


(7) One particular kind of lime- 
stone found in the Midland dis- 
tricts consists of separate grains 
compacted and cemented together, 
but in visible grains, so that it is 
calied “roestone”, from its close 

^ xesemblance to the hard roe of the 


herring, 


} ing in this 


But if the material costs more to 
work and shape than it is after- 
wards worth, this latter quality 
will of course be of more conse- 
quence than en that of dura- 
bility. 

(d) The degree of Ше сотрас!- 
ness and hardness of limestone may 
be seen by comparing it with chalk, 
which, generally speaking, fs want- 
па Ме quality. 

(c) We have already seen that 
we can divide rocks into .three 
great groups :— 

(1) Igneous rocks: granite, lava, 
ос. го 

(2) Sedimentary rocks: (а) clays; 
(b) limestones; id (с) sandstones. 
Organic rocks: (а) coal (vege- 
(b) limestone, coral, chali 


(animal). 

‘Those in group (1), of course, re- 
tain по ces of life (fossils). 
Both (2) and (3) do во: the lime- 


в deep down in the 
rust of the earth are exposed to 
internal heat: and all such, con- 
sequently, undergo changes. We 
therefore use the same word for 
these mineral changes, as we em- 
ploy in dealing with insect and 
amphibian changes, viz.: * Meta- 
morphosis”, if the rocks be alto- 
gether altered in structure under 
them. 

(g) As the different layers (for- 
mations and strata) of the earth. 
have been laid down at different 
times, under different circum- 
stances, me by rivers, others 
Ъу glaciers, seas, etc.,—so the 
different materials have been 
werked up into different varieties 
of rocks. Hence the many diffar- è 
ent kinds of limestone, organic 
and inorganie; of different tex- 
tures, colours, etc. 
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(A) То obtain lime, limestone or 
chalk is put into a Ши. This has 
u furnace beneath, and the heat of 
the fire makes a gas called carbonic 
acid come off froili the limestone 
or chalk.. When this has gone, 
what is left is not limestone nor 
chalk, but dime, which we use in 
making mortar. 

(i) When slaked (slack) lime is 


made from quick-lime, by the ad- , 


dition of water, the heat given out 
shows that some chemical action 
has taken place. = 

We also know this, because we 
cannot get back the wats’ from 
the slaked lime, by any attempt 
at drying it. The: water is locked 
up in the lim it has united or 
“combined” with it, to form what 
is really a fresh “compound”. 


(j) Limestone, like chalk, 18 
slightly soluble in water. In con- 
sequence, the streams flowing from 
limestone caverns will petrify ob- 
jects immersed in them, that is, 
will interpenetrate them with 
lime salts. 

Lime is also soluble: so that we 
can make ‘‘lime-water” by putting 
а piece of slaked lime into that 
liquid. This fluid then has the 
same alkaline properties which the 
solid slaked lime had, as we find 
if any of it gets into our еуеб, or 
пр the nostrils, when it “burns” 
them like “eaustic”, the strongest 
of our alkalies?^ 

Tt is because of this property 
that lime is used by the tanner to 
remove the hair from hides, before 
turning them into leather, 


° 
е 


(4) The lime-kiln is like a brick- 
kiln, only it is chalk, or limestone, 
that is baked in it, not clay. 

As the carbonic acid. gas. given. 
off is poisonous, people should not 
sleep close to a lime-kiln. Beggars 
sometimes do во in, winter, and be- 
come suffocated from tbe poison- 
ous gas given off, ea 

(i) We see that Леа has been 
generated, because the cold water 
added has been turned into steam, 
and it requires great һе? brin 
about that change of “physical 
state" in water, as we know by 
boiling a kettle over the fire. 

The heat is also made evident, 
when the bricklayer puts his can of < 
cold coffee into the heap of slaked 
nmm for this soon becomes quite 

лоб. 

The generation of heat is often 
a sign of chemical action. ` 

(Маву chemical substances are _ 
often divided into two great 
groups: 7] 

1. Acids, as vitriol, vinegar, ete, 

2. Alkalies, as lime, salts, soda, 

These are as opposite as possible 
in proper апа they aet on 
each other. Р 

This is how it is that a stron 
acid, as sulphuric acid (vitriol), i 
put to chalk, limestone, or lime, 
will act on these alkalies. Tt does 
so by turning out the carbonic 
acid in the limestone and chalk. 
In this way the acid acts in the 
ваше way as heat (when we make 
lime in the kiln). We know that. 
this is the case, for we see the 
bubbles rise, and we can test the 
presence of the carbonic aeid driven 
off by passing these through lime” 
water, when a cloudy thiekpess 
arises in the previously clear 
water, and a sediment (precipitate) 
of carbonate of lime (calcium) is 


| deposited. 
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re now шат 


(с NOTES. 
Топ with which the cla 
familiar than he generally js with life-subjec 


s teacher 18 more 
; and, with his 


experience of Object Lessous, the foregoing notes will probably be 


sullicient, and self-interpreting. 
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““Hlustrative Objects. 


- ~ 24. MORTAR AND CEMENT. 
, ў (READER IIL, p. 100.) 


Q 


е 


Some slaked lime in powder; a 


lumpaofsguicl-lime; some sand; cows’ hair; fresh mortar; 
old mortar? liquid cement; hydraulic cement in powder, 


iud some that has веб,“ 


== 


Experiments and Observations. 


~ T. Building Materials.—(a) These | 


include timber, brick, slate, stone, 
mortar, tiles, drain-pipes, ete, 
‘The mortar is used to fasten to- 
«gether the bricks and stones. 
» е 


Pip) Walls houses, ett., built with 
kindergarten bricks and cubes 
readily tumble to pieces, as the 
bricks are not cemented together ; 
in a real house we require all the 
walls to be **bound" or ‘ tied” 
together, to strengthen each other, 
just as the timbers are, though by 
different means. 


Il. Necessary Properties. — (4) 
In fastening timber we use screws, 
nails, and glue. The glue must be 
liquid, so that it may be spread on 
the surfaces that have to b@ joined 
iogetler; but it must “set”, so 

+ that these may not again come 
“asunder. The same Draperies) 
fos the same reason, must be pre- 
sent in mortar. The mortar may 
he soft and plastic, instead of 
liquid; but it must “вер”. 


Suggestions and Inductions. 


— € 
I. (а) The first stone buildings 
made by man were of unhewn 
stones, which were merely piled on 
each other. Later, similar stones 
were cemented by mortar, and 
later still “squared”. But clay 
probably would be first used in- 
stead of mortar. 

(0) The reason why a ей wall 
is less easily overturned than a 
single course of bricks, is, that 
there is a greater mass of it to 
moye. ‘This greater mass offers 
greater resistance; ‘‘Unity is 
strength”. We can, of course, 
so place our bricks together, that 
they may help each other's resist- 
ance, 


ÎI. (а) Evidently what is here 
required is to turn disconnected. 
parts into a connected whole. Bricks 
moulded large enough to form 
large portions of a wall would 


be too heavy to be handled. 
Again, the clay could not be 
easily moulded and baked in 


latge masses. Moreover, some- 
thing plastic would stil be neetled 
inside and outside the walls to 
keep out damp, and make the sur- 
faces watertight. 
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PART ПГ. 


Experiments and Observations. 


Suggestions and Inductions. 


(b) As in the case of glue, the 
mortar must cling so firmly to the 
surfaces of the bricks or stones, 
that it cannot be readily separated 
from them again. 

(c) The mortar must also be по! 
porous, that the rain may be kept 
from entering at the ** joints” be- 
tween the bricks; that is, it must 
be impervious to water, or at least 


as impervious as the bricks them- \ 


selves are. 


(6) The glue or mortar thus acts 
as a tie to bind tlie two separate 
surfaces; it adheres t5 both and 
thus fixes the two together. 


9 Г 
(c) We see the necessity of this, 
when bad mortar, with оо little 
lime and too much sand; has begn- 
used. With age this bad mortar 
“perishes”, and the bricks haye to 
be “pointed” again, or cmented 


with fresh mortar. Lom 


ПТ. How Made.—(«) The ma- 
terials of mortar are quick, lime, 
sand, water, and cows’ hair, 


(b) The quick-lime is first staked 
by the addition of water. his 
chemically combines with the 
quick-lime, thereby turning it into 
а powder, and giving out such 
heat as to convert a part of the 
water into steam. 

(c) To keep in the heat, and to 
enable the water to do its full 
slaking work, the heap of slaked 
lime is covered over with sand. 

(4) Then, by means of а shovel, 
the sand and lime are mixed to- 
ther, with the addition of water, 
into a kind of paste, —one part of 
lime and three of sand. When 
this mortar sets it absorbs car- 
bonie acid from the atmosphere, 
and so again becomes a “‘carhonate 
of lime ", as it was when first chalk, 
or limestone. 14 then joins brick 
limestone, and sandstone blocks 
into one mass. 


II. (a) In the making of doi 19% ` 
from flour and water, we see some- 
thing of the same mixing and 
moulding processes as are used її 
making mortar. 

(b) Water evidently either mixes 
or combines with many more sub- 
stances than one would at first 
suppose, as we learn from Ше. 
water present in “dry foods", in 
vegetables, in animals ^in salt 
crystals, and in this slaked lime, 

(с) This reminds us of similathy 
covering heaps of logs with earth, 
in eharring them into charcoal. 


(d) We sometimes similarly mix 
the ingredients of a plum pudding 
together first dry and then wet. 

We have already seen that ip air 
there is a mixture of nitrogen and 
, and in water there is a 
combination (or chemical union) of 
hydrogen and oxygen, Tn mortar 
we have both a mixture of sand 
and lime, and a combinatien of 
lime and water 


IV. Cement.—(a) This is made 
of a better and stronger kind of 
lime than that used for mortar. 

This lime has flinty matter in it, 
which makes cement set sooner 
than mortar does. 

(b) Some cements, such as 


(а) As this cement often sets | 
under water readily, and ordinary 
mortar does not do so, there mv st, 
of course, be some difference in the 
nature and ingredients of the two 
materials. 

(b) The Romans used this water- 


» 
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Experiments and Observations. Suggestions and Inductions. 


Roman and Portland cements, | resisting (hydraulic) cement thou- 
Set under water, and are therefore | sands of years ago. Portland 
used in building walls, quays, and | cement, of course, derives Из name 
embankments, for harbours, rivers, | from Portland stone, which it re- 
docks, etc. These cements, are | sembles in co/Ru only; but it is 


© also used to cover outside Walls | really formed from chalk and clay, 


exposed to damp. mixed with water, dried and baked, 
CONS and then ground to powder. 
сто (с) Some of the cements used by (c) As the Romans were such 


> 


the Romans in their buildings | splendidengineers, bridge-Ifuilde 

{fo thousand years ago, are still | and road-makers, we should natur 

so hafdy that the buildings in being | ally suppose that they knew how 

pullet&*lown,, break across the | to find, or make, the best building 

Stones, rather than along the | materials; and this was the case. 

“courses” of cement between them. 

(4) Some cements are used to (4)»Ав we cannot break up our 
anake „pavements for causeways, | paths in towns very frequently, 
footways, etc. They can be soon | nor keep themeap long, when we 
laid down, and made to fill up | are obliged to repair them, we seek 
spaces of any shape; they soon | for materials that can soon be 
set; they and are | fitted for use. Granite sets are 
easily and quickly repaired when | very durable, but they are hard to 

worn, walk оп. Asphalte is not so hard, 
е but too soon wears out. Cement 
forms a good surface for walking 
A on, and lasts well. 

(c) Other so-called “ceme: 5 (е) The пап ad use of such 
(such as “liquid cement”, ete.) are | materials for mending broken 
not used for building purposes, but | pottery, etc., were, of course, 
to fasten together broken glass or | derived from the building cement, 
carthienware. 


ә 


TEACHING NOTES. 


T. In this lesson the teacher should draw on the blackboard 
several ways of laying courses of bricks. Не should also suggest 


Шест 


English Bond. . 
S Flemish Bond. 


ing Courses of Bricks. 


r Two Methods of la; 


tliat the children should report where, in the school buildings, or 
in the neighbourhood of the school, these different methods of 


о 
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Pictures of ancient “ Cyclopean ” 


buildings of unhewn stone should be shown; and the modern 
boundary walls of fields, in some counties (as in Derbyshire, etc.), 


can be referred to for illustration. 


IL The class may be shown how easily the old bad mortar from 
a “jerry-built” wall may be picked to pieces with a knitfing-needle 


or a knife-blade. 


IIL All the oferations here described should be performed hy I. 
the teacher, with the assistance of the pupils, in front of the class ; 


from the slaking of the lime to the mixing of the 


old iron spoon. ‚ 
ТУ. „Пе teacher should use this 


in front of the class, by way of experiment. 


35. 


mortar with, an 


cement similarly to the mortar,” 


SANDSTONE. (Reaper IIL, p. 110.) 


Illustrative Objects. Differently-coloured loose sands, and) — 


sandstones; anu sandstones of 


sand, and sand from the sea-shore. 
sand from a sand-pit or gravel-pit. 


glass bottles for comparison. 


varying compactness. River- 
Coarse sand and fine 
These all in different 


Experiments and Observations. 


Stiggestions and Inductions. 


I. Sand.—(a) In these small | 
bottles I have different sands, all 
chosen for their varying colours. 
The colours are not all so dull in 
these sands as in most other rocks, 
though most are almost colourles 

(b) In these other bottles there 
are some lumps of sandstone, chosen 
for varying in the same way as to 
colour. 


(c) Again, in these bottles Ше 
particles of sand are arranged 
according to fineness and coarse- 
NESS. etc 

(d) In some other bottles, T 
have lumps of sandstone, chosen 
according to their different degrees 
of hardness. 

(c) Lastly, in these remainiag 
twp bottles, we have in one 
river-sand," and in the other sea- 
sand, of which the former is 


| are creamy white. 


coarser than the other. 


I. (а) Some of these sands we 
red, some eream-colour; hut most 
AM sparkle in 
the sun; that is because of the 
quartz, as we call it, of which they 
mostly consist. 

(b) If we rub down a sandstone 
we get sand. So that shows us 
that sandstones have been made 
up of sand pressed and cemented 
together. 

(c) After the coarse sand has 
had a good deal more knocking 
and rolling about in rivers on seas 
it becomes /Ine sand. А 

(d) И there was little pressure, 
or little cement when they were 
made, thesandsfones would be loose, 
or not very compact. «* 

(е) There is more movement, in 
the beating of waves than in the 
flowing of a river; so sea-sand is 
generally worn down finer than 
river-sand. 
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о Experiments and Observations. Suggestions and Inductions, 

I II. Sandstones.— (a) These s&nd- II. (а) In all cases they must 
ШЕ e stone rocks are found on c/iffs at | have been made out of older rocks, 
L| the seasidg. They were formerly | sometimes out of older sandstones. 
| 


J washed up there by old seas; and 
afterwards covered up bygother 
rocks, and bound together by iron, 
limestone, og,some other kind of 
_ бешер”. Then the sea once 
“nore exposed them, and brought 
ет to the light of day. 
P £0) Sometimes these sandstones 
are? Seen ing the steep walls 
0° of Maroy giver valleys, as in 
canons (Vide supra, River, Action 
and Work of Rivers). 
(с) At other times we find the 
a sandstones in land cliffs (scars or 
escirpmenits), or on the sides of hills 
and mountains, without any water 
at present either at their bases or 
even very near them. 


си 


(4) "These sandstones, like lime- 

stonespare used for бий. pur- 

T ques "They look diff from 

climestones however; because they 

have particles of quartz which 

чи, sparkle in the sun. They cannot 
х be burnt into lime. 


So the rocks of the earth are being 
constantly те and remade; but. 
their materials are never des- 
troyed. Matter. cannot be des- 
troyed; when it seems to be so, it 
is only changed into matter of 
another form. 9 

(0) Very many river-beds are cut 
out by rivers flowing over, and 
finally through, sandstone rocks, 
as th are quickly worn away 
by moving water. 

(&) At does not matter at all how 
high up the sandstone rock may 
now be. It lust at one time have 
been as low as the sea, or the river. 
If high now, this must be because it 
has been since raised up, or because; 
the river has made its bed deeper. 

(d) Assandstonesare of different 
colours, they make nice building 
stone, as they require no paint, yet 
always look handsome. This is 
very well seen in many parts of 
Liverpool with its fine red sand- 
stone buildings. 


; TEACHING 
ociated with the subject of River 


Г 
I. This lesson should he 


and Wave Action (previously given in 
Here we have the results of this 


previously we had the processes of it 


- TI. A good deal of “оса! colour” may be obtained for th 
е rations, from the beds and banks of 


and wit}? a geography lesson. 
work of moving wat 


the ШООК section, as illustr 


- © méighbouring streams, from local sand-} 


railway cuttings, etc. 


NOTES. 


this Object Lesson course), 


and 


-yits, from sandstone quarries, 


е 
i ] one to illustrate the constancy of natural 


s This subject is a good 
forces, especial | 
© mew rocks out of old but imperi 
э It is also a good one for бег 


forces taken singly may be minute, 


long periods of tv 
ЫЙ! 


ly of winds and water, 


‘me, accomplish might 
poem, “Tittle drops of water, Little t 


iW making and remaking 


sable materials. 
aching the general law that these 


but in the aggreggte, andeovem 
г effects. Repeat here the 
as of sand”, ete. 


< For the first time also the subject introduces to the children the 


А 


е 
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general law of the indestructibility of matter, which is so funda- 


mental in our conception of the universe. : 
The kindred subjects of Coal and Iron have been sufficiently — * 
elaborated in the Object Lessons in Standard L, and in the text 


in the Leader, Standard ПТ. 


& 


2 ә i 
26. WATER AS A SOLID. (Reaper Ш, p. 120.) ” 


Illustrative Objects. Water. In winter a lump Qi сек” ^ 
Picture’ of frozen pond, ice-floes, ice-fields, etc. 


| 
2, 


Experiments and Observations. 


ст 
Suggestions and Mnductions 
Да 


I. Ice.—(a) Here is lump 
of ice (or a picture of a frozen 
pond, Reader III., p. 123). © ‘The 
ice is solid, like the sandstone, lime- 
stone, chalk, and “Лау we have 
already dealt with. 

(b) It will support a 
without giving way to it. 
you see by my putting this b 
on this lump of ice. A frozen 
pond ean even bear the weight of 
people standing on it. (See pic- 
ture, Reader TII., p. 

(c) Тее keeps its shape so long 
as it does not melt, you see 
in the lump on the table, and 
still better in this pieture of an 
iceberg. . 


ight 
E 


II. Freezing.—(a) This is the 
асб by which a liquid becomes a 
solid, when sufficient heat is taken 
out of it, to enable it to do so. 
Heat expands solid bodies, aml 
tends to drive their particles as- 
under: when the heat is with- 
drawn, the particles attract each 
other and cohere together. The 
same thing, with an exception at 
one points happens with water. 
Different liquids freeze at diffe: 
ent temperatures: fresh water does 
so at 32° Е, In cooling, water 
contracts until it reaches one par- 
ticular degree of temperature 
(about seven degrees above freez- 


1. (a) All bodies must be (1) 
Solid, like ice; (2) Liquid, like 
water; or (3) Gaseous, like air. 
In some cases the same body may © — 
be in all three different states at 
different times. 


^u 


Ф 

(c) Whatever shape the iceberg 
has when it first breaks away said 
floats off, it retains all the while it 
is solid and is not broken by the 


П, (a) Cold is the ab of heat. 
Cooling is the abstraction of hett 
from a warm body. Whe three 
different ‘physical states of matter” 
chiefly depend on heat. They 
therefore also depend upon the 
attraction that makes the particles 
cohere. - 
If the heat be very small in 
amount (or the cold be great), this г 
attraction makes the particles | 
cling together. D ч 
If the heat be greater (or the Р 
cold less) Ше attraetion is just 
overcome; then the particles do 
not cling together, nor do they fly 
asunder, 
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Section of an Teeherg floating in Water. 


WATR AS A Sorrp—Continucd. 


ы 
7 Experiments and Observations. Suggestions and Inductions. 


n : 
ing point, or 39°). When this | е But if the heat he stil/ greater, 
critical point” is reached, the | not only is the attraction over-@ 
water slowly expands up to about | come, but heat acts as an opposite 
32°, and then does so suddenly at | force to attraction, or as a усе of 
the moment of becoming frozen. | repulsion. The particles under the 


в a 
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WATER AS A SoLID— Continued. 


Experiments and Observations. 


= 
Suggestions and Inductions. 


Ire is therefore about one-ninth 
part more bulky than the water 
from which it is frozen. It thus 
becomes /iyhter than the water, 
and consequently foats, part of 
it remaining above the surface of 
the water. 


(0) Salt water does not freeze 
ШИШ. its temperature falls below 
B2: ET: as, oceans, and talt- 
water likes, therefore, do not so 
readily freeze as riders and fresh- 
water lakes. 

(c) When the sea freezes-it is 
really mostly fresh water that 
does so. Most of the salt is left 
behind in the unfrozen liquid be- 
neath the ice, and very little re- 
tained in the ice itself, Other 
solid matters besides salt are also 
excluded from the ice, when the 
water containing them freezes, 

(4) Sometimes water freezes firs 
at the hottom. Then yround ice is 
formed. This takes place when 
the bottom water is stiller than 
that at the surface, and because 
the stones at the bottom are colder 
than theairabove. This isalso the 
reason why the ice first forms on 
these stones or pebbles, which the 
ice will then float up to the top, 
like lemon papa buoyed up in soda 
water by bubbles»f carbonic acid. 


(e) When the air above the sur- 


face of fresh water is colder tha: 
freezing point, it chills the surface 
layer of water also below that 


point. Butas heat expands liquids, 


so the loss of it contracts them. i 


inffience of heat then fly asunder, 
and repel each other. 

The effects of the sudden expan- 
sion of ice at its moment of forma- 
tion гүге seen in rocks riven asunder 


р аа Е а E 
by ice forming in their pores. The °° 


same thing takes place on a smaller 
scale, but more universally in cold 
regions, and in winter, in th 
breaking up of stiff soils, This 
anakes good tilth for the fariper aud 
gardener for their geed-heds ib’ the 
spring. РУ 
(0) As the only difference between 
fresh and salt water is that of the 
presence or absence of sa//, and the 
consequent difference of density,” 
it must be this salt in the water 
that for a time checks the freezing, 
(c) Because of this fact, the ice 
of floes, icebergs, ete., can be used, 
when melted, for d inking pur- 
poses; just as is the case with sea- 
waterjewhen, Бу distilling,sthe salt 
has heen abstracted. 


(d) We can raise immersed bodies 
heavier than water, by attaching 
to them substances very much 
lighter than Water; as pontoons to 
sunken ships, air-bags to heavy 
weights, ete. In the same way the 
lemon pips (which are heavier than 
water) are brought up by the 
bubbles of carbonic acid, if placed 
in soda water, that is, in water 
containing carbonie acid in solu- 
tion. 


ice represents the bubbles of car- 
bonic acid. 


(е) We could prove the existence 
of such a movement by taking a 
test tube full of water, and cooling 
the upper portion of it, by means 
of ice, or bya “freezing mixture”. 
If a minutely divided coloured 


In the case of ground ice, the 
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о Experiments and Observations. Suggestions and Induetions. 

This surface layer therefore?be- | powder be then sprinkled on the 

Tio comes heavier than the liquid be- | surface of the water, it will be 

neath; it, therefore sinks to the | seen to descend to the bottom of 

Жы bottom. the test tube, being carried thither 
1 c à ә by the cold water. 

o (J) A current is thus set up; for (Г) In the throat of a chimney, 

as the coldgr and heavier water “робот heat" makes the ex- 

[ut déscends, its place must be filled. panded, lighter aiv ascend; and it 
.  "W*Wt ean only become so by other | place is then filled by the colder, 


+ water taking its place. This can 
- ону come from the water beneath, 


Mo Anwipward pud downward eurrent 
0 is Ш established. 
ex 3 


(g). But in turn this second sur- 
face layer of water becomes cooled. 
Ü ‘This process goes on continuously, 

until all the water is cooled down 

% Sto Boe: 

Butave saw that at thit‘criti- 

cal” point the water as it cools 

chegins to expand, and therefore to 

vise. So the sw;face water is now 

the cooler, and therefore reac 

39" F. When it does so it free 

and makes a thin film.of ice. 2 

У protection from the cold above is 


thus afforded to the water beneath. | 


(h) The water in contact with the 
únder surface of the ice at the top 
gradually, parts with its heat, and 
in turn solidifies on the ice in ice- 
crystals. 


, di) These crystals, like those of 
snow, are six-sided. ‘This is seen 
when we pass a sunbeane thro! 
a thin plate of ice, and throw 


heavier air from beneath.® In the 
experiment, the opposite conditions 
bring about the same results in 
opposite directions. Here it is 
“top cold”, not “bottom heat”, 
that sets up the current. In the 
firs? case we should call the process 
Ventilation; inthe second, Стеша- 
tion. 2 

(g) It is fortunate tha 
expands between 39° and s 
this prevents deep ponds, lakes, 
ete., from freezing into one solid 
mass of ice. 

This is how it is, that even in 
the extremest Arctic regions, water 
js still left as a liquid on the earth, 
not only in the oceans and seas, 
but even in deep lakes. This is 
also the reason why animal life is 
found there in the sea, and even in 
these same lakes. 


vater 


(h) When two bodies, one of 
which is colder than the other, are 
placed in contaet, the warmer parts 
with its heat by conduction; as 
with the warm hand and a cold 
poker. 

(i) In animals and vegetables, 
the structure isemade up of cells. 
In minerals. the particles may be 
either without regular shape 
(amorphous), or these may take a 
regular and uniform sbape, each 
substance having its own, These 
uniform shapes are called Crystal svn 


(j) We may see that hoar frost 
and dew are very much connected 


Tage on a screen. The cry 
^0 in the ice slowly melt; and 
Amage of these liquid portions is 
thrown on the screen, surrounded 
ke by the unmelted ice. 
(7) Hoar frost-gives another ex- 
„ample of the freezing process. In 
е 0 
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Flowers of Ice. 2 


WATER As A Sormp—Continucd. 


Experiments ap4 Observations. 


Suggestions and Inductions. 


: - | 
this ease the water, which with 
greater warmth (or less cold), 
would become dew, is converted 
into hoar frost. That is, the | 
particles of water solidify and | 
take the ushal six-sided crystal | 
shapes, as in snow. This takes 
place when the surfaces of the | 


together, from the fact that 
thé same conditions that lead iv 
dew being deposited, or prevent it 
from being so, obtain with hoar 
frost. Thus dew falls most on 
pebbles, etc., that rapidly lose 
their heat by radiation; and this 
is also the case with hoar frost. 


D 


Q. 


o 


co 


WATER AS A SOLID. 


un 


VATER AS A Sorrp— Continued. 


Experiments and Observations. 


Suggestions and Inductions. 


iron railings, gravel paths, etc.9are 
chilled down to 32* Е. or less. 
This hogr frost may be produced 
artificia! in summer upon а 
yessel containing a freezing mix- 
ture of broken ice and salt ; little 
spikes, or needles, of ice then form 


oi? thazgutside of the vessel. 


Ue (Д) Snow is another form of 


аз be- 
nd in a balloon, 
mountain into the upper 
qf the air, the cold i 

Generally, therefore, if 
the air be saturated, the moisture 
in it becomes condensed into 
hexagonal water-erystals. When 
these ate brought together by the 
wind, or when they touch each 
other in falling, they join together 
to make snow-flakes, 

- U) Hail is still another example 
of frozen water. This, however, 
falls озу in sumner,smot in 
winter, in rounded pellets, not in 
dlakes, and is made out of globules 
of water, rather than from vapour. 
It is therefore heavier, more solid, 
and more destructive than snow. 


frozen water, ¢ 


5 
creas 


9. 


Again, dew falls most on clear 
nights; so does hoar frost, and for 
the same reason (the heat radiated 
from the earth's surface is not 
reflected dowwards again by the 
clouds). 


( ио must be frozen vapour, 
for it is visibly formed "from the 
breathoof men in Arctic regions. 
Те upper parts of the air are 
cooler than those nearer the sur- 
face, because Ше air over the latter 
is warmed by the heat reflected 
frora the earth, ог radiated by it. 
In the same мау 4 mirror reflects 
ight, and mgtal surfaces heat; n 
hot stove radiates heat from it, as 
is seen hy its melting sealing wax 
brought near it. 

() Hail is not merely frozen 
raindrops, since hail is ofteu of 
many gu shapes, and falls in 
very large mass Its formation 
must depend a good deal more on 
the electric state of the air than is 
commonly supposed, as it is во 
sudden, so local, and so often met 


| with in ¢hunderstorms. 


TEACHING NOTES. 


T. Thi? subject is much more difficult than the preceding, and 


introduces the children to Physics. 
ler to remember that it is ver) 
nally a natural process takes place. We cam only point 
able sequence of cause and,effect, and state 


t 
вау why fi 
to results, and invari 
the conditions. 


In a broad sense, we can s 
of heat that a liquid 1з changed into vapour. 


Tt will be as well for the 
rarely, if ever, that we can 


that it is beenuse 
In a little more 


Stientific sense, we can say that this is done because the heat ex- 


> 


pands the ра 
more elastic. 


rticles of water-dust, and makes them /ighter, and 
But all these notiong are too difficult for children of 


this age to grasp in their fundamental meanings. The teacher? 
must be content to assume a good deal as being not difficult: and 
to glide over the unseen difficulties by ignoring them, until the 


minds of the children have become more matured. 


А в 


Tt is because 
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some teachers endeavour to explain everything, that they teach less 
than they would impart by attempting less. 

But this subject will be extremely educative, if the experiments 
are made to serve as pegs on which toghang the results of obser- 
vation and Experiment, without any reference to this Constitution 
of Matter, and its laws. : 

The teacher should also remember, that there are sme young 
minds that do not Ке an average amount of interest in life-subjects, 
which are yet entranced with Physics, even in this elementa ту 
form. Here will be found a golden opportunity for individualizing 
these children, and giving them a little more tether ахат 
companions, To a small extent this will do away with the dite 


of the simultaneous instruction of large cl; 


harm sometimes inflicted ‘by it. 


во 
о 2 


6 


27. WATER AS A LIQUID. (READER Ш., p. 125:) 


Illustrative Objects. 


Ice, water, cup, saucer, a kettle and 


asauce-pan. А fire or a spiritlamp. Wax, sulphur, and zine. 
Pictures of pond, lake, river, sea, and ocean. 


Experiments and Observations. 


Suggestions and аце, 


1. Water.—(a) Now we put a 
bit of this lump of ice in the 
sauce-pan оуег the fire, and you 
see by my pouring off the water 
that it melts or dissolves. 

(0) Now, after this heating, ог 
application of heat, as we call it, 
the subject we have dealt with is 
no longer ice, but water; and no 
longer solid, but liquid. 

(c) That means tl 
longer support a we 
giving way toit. Th 
not stay on the top of the 
as it did on the ioo. If boy: 


16 withont 


water, 
tried 


to walk on a river they would sink | 


into the liquid, and find rest for 
their feet only on the solid river- 
bed beneath. 
(d) This ice, as you saw, мас 
oof the irregular shape of a bit 
of rock, hefore I put it into the 
sauce-pan. 
Now I pour the water made from 


t it will no | 


tone will | 


I. (а) Then it was plainly hea 
that turned the ice (solid) into 
water (liquid). Heat always acts 
thus on solids if we haye enough of 
it, unless the solid burns away. 

(b) Here water stands for all 
other liquids. What it does under 
the action of heat they also do; un- 
less they consume away or are 
“burnt”, or changed. 

(c). Even when water seams to. 
hear up the weight of a body with- 
out giving way, it cannot really do 
so, for the body partly sinks into 
the water. That is, 3t does not, 
altogether remain on the top, as 
rocks do that fall on the ice of a 
The water always 
gives way to some extent. 

(4) The reason why liquids al- 
ways take the shapes of the vessels 
holding them must be because they. 
always seek the lowest level, This 
must Бе the reason why water flows 


9 o 


om 


tyr? 
asses, and the positive 
I E. 


WATER AS A LIQUID. A 


Water AS А Liquin—Continued. 


Experiments and Observations. 


Suggestions and Inductions. 


it into this saticer and into this 
cup, and it takes different shapes. 
It takes whatever shape the vessels 
give it. Rat whatever the shape 
of the vessel, the surface of the 
water in it is always ere. 9 


down the beds of rivers and over 
waterfalls. If we pour water into 
а tea-pot spout it runs down it into 
the lowest part of the tea-pot, and 
always fills this part before it rises 
up to any high part. 


E 

17.°0%ег Iustances.—W'e have 
just saitthat it is the application of 
heat that converts ice into water. 
We have also said that heat nearly 


alwigss expands bodies, — solid, 
lier азеомв, 


Аз Ши instare of heat expanding 
а liquid, we may take this kettle of 
water boiling over the fire. So 
long as thé water is cold, 16 just 


Sig "fills the kettle, but does not How 


out of the spout. But under the 
application of heat it runs over. 
This is partly because the water is 
expanded hy the heat. It is also 
partly because the air in solution 
in the water has also ex panded, 
and risefl up in bubbles, force? с the 
water out of its way as it did so. 

© The single experiment therefore 
illustrates the double expansion of 
liquids and gases. 


(0) To illustrate similar expan- 
sions of solids by heat, I drop this 
рес of wag: on the top of this red- 
hot plate. First the solid becomes 
liquid, oceu pying a larger bulk 
than ас next it is converted 
into gas. This rises up in a white 
cloud, much larger still than the 
solid piece of wax was at fitst. 


> 


a 

(c) Again I do the same with 
this small piece of su/phur, and а 
similar result is seen, and the solid 


9 


| 


П. (а) We have already seen 
that all substances must at one 
time have been in one pf three 
“physical states? of matter— solid, 
liquid, oF gas. 

It must be because of this ex- 
pansion that we draw a sauce-pan 
aside from the fire, and let it 
simmer instead of boil, if we can- 
not Watch it. Here, as the heat 
employed is not so great as in 
boiling, the expansion both of the 
water and of the air in it is less, 
and less sudden than in boiling. 
We see this in the case of the air, 
for in simmering the bubbles break 
before they reach the surface of the 
water. 

We can see the air bubbles rising 
to the surface if we look down into 
water that is boiling. We can 
also see them burst as they reach 
the surface of the liquid. Our 
experiment is therefore a visible 
demonstration of the law men- 
tioned, on both sides of it. 

(0) As in the preceding experi- 
ment, so here we can bring about. 
the reverse results. That is, by 
withdrawing heat, we can conyert 
the gaseous wax into a solid. This 
we could do by collecting the gas 
on a vessel, the cold sides of which 
would abstract {Ёё heat from the 
gas, and so give us a film of wax. 
We have also a similar illustration 
when a hot fatty joint, just come 
from the gridiron, is served up on 
а?со14 plate. 

(c) Sulphur is one pf the «few 
solid substances that can be turned 
by heat into a gaseous form. Some 


(E72) 
® 
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WATER AS А LIQUID— Continued. 


Experiments and Observations. 


Suggestions and Inductions. 


is finally converted to gaseous 
fumes. >: 

(d) But if I now try to do the 
same with a piece of zinc, I do not 
get the same results. Before we 
say, however, that heat will not 
expand zine, and finally turn it 
into gas, we must try greater heat 
than we have here. 

If we put our zine in a crucible 


into а white-hot furnace, we get, 


the same result as in the case of 
the ісе, wax, and sulphur. Seeing 
that this is also the case with most 
other metals, we come to a con- 
clusion. We say, all metais would 
expand, melt, and turn into gas 
under the applica:’on of heat, if 
only we had sufficient heat to en- 
able them to do so. 


substances “burn” before doing 
sd, and are thereby altogether 
changed. 

(4) The application,of this prin- 
ciple is sometimes of great use to 
us. ¢If, for instance, we have ores Е 
of metals, and we wish to get the 
pure metal from them, we can do 
so, if heat will melt orem’ the 


solid metal into a gaseous forf. of 


We can show this by melting down 
lead in an infusible vessel. "'hé 
fumes of the metal, as with fuick- 
silver, can be collected! in а vessel, 
just as in the next lesson we shall 
see that the vapour of water is 
collected in a condenser after dis- 
tillation. 


: v n 
Of course, it does not matter '- 


whether the adulterating sub- 
stances are given off as ASES, 
leaving the pure metal behini 5 ог 
the metal passes over, leavin, d 
the adulterations. We have the“ 
separation of the two, ап that is 
all that is required. 


III. Convection of Heat.— (а) 
We have already seen. that when 
two bodies, of which one is warmer 
than the other, are placed in con- 
tact, the heat of the warmer is 
given to the colder. We call this 
Conduction of Heat, and we gave 
an instance of it, —the water under 
the surface of ice thus parting with 
its heat, freezing, and thereby 
thickening this surface layerehy 
adding to it from beneath, 

(b) This is one way in which 
heat is frequerzly lost in solids. 
We also spoke of the earth giving 
off its heat, and becoming chilled 
at its surface at night time, so as 
to furnish a cold Galan to con- 
dense the moisture in the air just 
abave it into dew and hoar frost. 
This is a sécond way in which heat 
is lost by solid bodies, and we 


—— - >- 

III. (a) To conduct is to lead 
away. What is here led away is 
heat. 

But the material substance is 
not led away also, as in the case of 
the hot air passing up the chimney. 
We shall see presently that there 
is another name for this loss of heat 
from a warm body. * 


(0) There is such a. difference in 
respect to the giving off of heat by 
solids, diquids, and gases, that we 
might almost divide our subject 
according to these three “physital 
states of matter”. Then we shouldo 
have solids giving heat to solids 
by conduction ; and, in a less 
marked degree, solids giving heat 
to air (fluids) and solids by radia- 


LJ 
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Experiments and Observations. 


call this mode Radiation of Heat. 
In this ease the heat is not given 
^, by a solid to a solid by contact, 
but is sent out by the solid through 
the аі тоша the heated Body to 
the colder one. 
© (6) But we have still another 
way in which heat passes away. 
We showed an instance of this 
withont giving it a name, when we 
cooled the surface of water in a. 
test tube by ice, and showed that 
this led to eurrents in the water 
being established. This is called 
Convection of Heat. 

(d) Wediave here an explanation 
of the general circulation in the 
oceans, ‘Chis may be illustrated 
by an experiment. If we take a 
trough of water, and put a lump of 
ice into it at each end of the trough, 
these chill the water there. They 
thereby make it heavier, and cause 

it to descend to the bottom of 
the trough, as seen by means of 
ooloured powders. 


Other water flows in to fill the. 


place of this from the middle of 
the trough. 


Suggestioif$ and Inductions. 

tion. This would leave liquids 
(and fluids) for the third kind of 
parting with heat, to be next 
described. 


(c) We must notice that there 
is а great likeness between air 
and other gases (which are called 
fluids), and water and other liquids. 
Both take the shape of the vessels 
into which they are put, only the 
fluids are always struggling to 
escape, whilst the **liquids^ re- 
main still. 

(d) We notice that as soon as 
the heat makes the air over a fire 
rixe up the chimney, a current of 
cold air sets in at the doors, etc., 
to take the place of the heated air. 

Again, when*?there is only a 
small current of warmed air going 
up a chimney, if we increase the 
cold current coming to the fire, by 
means of the bellows, we not only 
fake the fire burn brighter, but 
we also make the dranght up thee 
chimney stronger. In fact, we set * 
up a circulation. 
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TEACHING NOTES. 


I. This subject can be treated more experimentally than any we 


have previously dealt with ; and Във 
and still more true of Chemistry. 


true of Physics generally, 


The experiments should not, however, be performed merely to 


атизе the children. 


They are of little se unless the fiffidamental 


principles for whieh alone they shou|d be performed are made 


evident. "That is, 


they do not furnish the lesson, but illustrate Wer Ces 


It is, of course, best to give the experiment before the statement, of 
the natural law it illustrates; but the meaning of the expeftnent 


should, closely follow its performance, ог g 


o along with it. 


IL This department of the subject should be treated as only a, 


collateral argument. 


It is not tht main teaching of the lessop, it 


is only introduced to clinch the remembrance of tlre action ей ice 
e 


under the application of heat. 
ПІ. This part of the lesso 
giving us some Natural 


n is again extremely important, as 
aws of Heat, just as in the next lesson 


Distillation and Condensation follow at the end of the lesson as o 


principles derivedefrom the concrete 


illustrations preceding it. 


Theory should always be enunciated subsequent to practice, 


deduction to induction. 
should be 


illustrate it by examples. 


Tn lessons to children our endeavour 
to treat the matter as we do in arithmetic; give er- 
amples, and from them deduce the rule; not give the rule and then a 


е в 


28. WATER AS A GAS (VAPOUR). Ы 
(Reaper IIL, p. 129.) 


Experiments and Observations, 


І. Water-Gas. Vapour.—(a) I 
put a lump of ice into the kettle 
on the fire. Then, not only dges 
the ice turn to water,—or from 
a solid to a liquid state.—but also 
the water turns jyto steam. That 
is, it has changed from a liquid to 
(rine ee i саол и to 

106 Picture, Reader IIL, p. 
130.) This is eraporation. P 

(0) Instead of always keeping 

с Ше same shape, as the 
+ did, or evefi taking the shape of 
the vessel holding it, and remain- 
ing at rest in the lowest part, steam 


гаронт, 


solic 


Suggestions and Inductions. 
1. (a) In both cases it is the 
same power, or force, thft does the 
work of changing the “physical 
state” (solid or liquid) of the 
matter (ice or water) into another 


“physical state" (gaseous vapofir), 
аз stean} This fire gives heat, and 


the opposite to heat is “со” or 
“coldness”, which is the want аг 
absence of heat. о 
(b) Steam and other gases and 
Yapours seem always to be &t 
“work”. They will not “lie 
still”, They try to force their 
жау into the smallest nooks and 


è 


о 


3l 
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WATER AS A GAS (VAPOUR). 


WATER As A Gas (Varour)—Continucd, 


Experiments and Observations. 


Suggestions and Inductions. , 


if it did not like to be confined 
in any vesgel, cr kept to any shape 
at all. - If the gas is lighter than 
the air, it tries to rise upgin it. 
lf it is heavier, it sinks down in 
it., > Coss 

(с) Smother way of looking at the 
struggle of gases to be free is to 
potice that they fill the whole of 


ап; empty vessel into which theys 


aregnut. Nowssteam is a kind of 
gas (watél-gas) only it is speci- 
ally known as ** vapour". What 
other gases will do the vapour of. 
"water will therefore often do in 
like eireumstances, and steam will 


thus spread out and fill the whole’ 


of the ve: 


l into which it is put. 


(d) But if the vessel be a small 
one, then the more steam is sent 
into it, the more the particles of 
Steam Become confined toSther in 


the crowded space. As before, 
Seach particle struggles for its free- 
dom; and therefore the greater the 
number of strugglers the fiercer the 
Struggle. So this effort to escape 
may be made use of as a force to 
Чо work. We can use the steam 
to lift up weights, as it lifts the lid 
of the kettle; and to move parts of 
machinery, as in the steam-engine. 


o 


(e) Another way to inc s the 
power of the strugglers is to heat 
them still hotter. This gives them 
greater strength (makes them more 
elastic) to lift up weights, or to 
ћоуе parts of machinery. This is 
how it is that steam becomes so 
great a moving force to steam- 
engines, etc. 

_ Wentusttakecare that our prison 
is stronger than the prisoners, or 
„the latter will break bounds. This 


corners, wherever they can get. 
This is why steam is such 
capital thing to put out fire abo; 
а ship with closely packed с 
to whieh watfr cannot be made 
to penetrate. 


(c) In solids and liquids the par- 
ticles expand very little under heat, 
because the solid particlés cohere, 
or sticlétogether, and in liquids the 
particles do not repel, or drive | 
each other away, as they do in 
gases and vapours. 

This latter prope ^ 
fore give the reason why steam fills 
the whole of the vessels into which 
it is put (uness it be condensed 
into water by the cold sides of the 
vessel). 

(d) Any force that сап be used 
to lift a weight, or to move a wheel 
or any other part of a machine, can 
he employed by man to do work 
for him. Some of these forces are 
natural ones; as winds, falling 
rivers, ete. Others are artificial, 
or are called into existence by 
man; as steam from the heating of 
water. 

Water, as a. vapour, is therefore 
the most useful servant to man. 
not so strong as explosive 

such as gunpowder, dyna- 

mite, ete. But it is more under 
man’s control, and therefore not 
sq dangerous to use as the latter. 

(е) It is the elastic power of 
steam that is made use of as a 
moving or motiveforce. We speak 
of a solid body, as an india-rubber 


y must th 


ball, being elas when it re- 
bounds. А gas elastic in the 
sense that it is always trying to 


elbow its way through a crowd of 
its fellow particles, and to escape, 
from control. 8 . 
In both these cases, the elastic, 
solid and gas, may be compressed, 
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WATER AS A Gas (VAPOUR)— Continued. 


Experiments and Observations. 
is what takes place when there is 
а boiler explosion. 


(7) Of course as heat makes the 
particles-of steam stronger (more 
elastic), so cold, or the withdrawal 
of heat, makes them less 80, Or 
weaker, 

(9) Again, as it was heat that 
turned the water into steam, so 
the taking away of heat by cooling 
surfaces, by jets of cold water, etc., 
will turn the steam back into cold 
water, or condense i 

(h) The other way of weakening 
the force of steam would be, of 
course, to let some of it escape, 
This the engineer does when he 
has greater force than he requires, 
and is afraid that his boiler will 
burst. 


П. Evaporation. Instances of 
evaporation 


the water of seas, lake: 
water-gas or vapou 
iug in the wind, et 
and similar mples it is alw: 
heat that does the work. 


e: the sun turning 
etc., into 


Suggestions and Inductions. 
Seon Taran 
or the particles may be squeezed 
closer together, for a time, The 
rebound only takes рјаб when the 
pressure is taken off. Liquids, 
such às water, are also elastic ; 
but they can be qnly slightly. coni- 
pressed. uu 
(7) This must be the reason why 
steam coming from a funnel, soon 


е 


loses the power to force aside the - 
pu я 

‘great weight of air; 

в 


and вод се. вев 
to rise. TE zz 

(g) This, again, müy be proved 
Пот the steam coming from the 
funnel of a locomotive. As we 
Stand in the way of the falling апа 
condensing vapour, we feel that it 
is moist to our hands and faces, 

(A) Just as two horses, or two 
steam-engines, are stronger than 
опе; so two, or two million par- 
ticles of steam confined in a boiler 
are stronger than one, pr one 
million. If a master үгез less 
work done, he dismisses some of. 
his ** hands 


lI. By its form we may judge 
that Ше word evaporation refers in 
some way to vapour, The word in 
fact means to make vapour ont of 
а liquid by means of heat, in this 
way it means the sume as vaponr- 


izing. 


ПІ. Condensation.—(«) But by 
holding a cold object (вроой, 
slate, shovel, ete.), near the spout 
of the kettle, we turn the water- 
gas back again to Wate We must 
have a пате for this work too, and 
we call it condensiny the vapour. 
This is the work of condensation. 


(0) Another instance of conden? 
sation is seen in the cold air 
turning the steam coming out of 
the funnel of a locomotive into 
“woolly” masses, which resemble 


x x Et ` 
ПІ. (а) By giving heat toa liquid 
we craporate it; by taking heat 
from a vapour, or by cooling it, we 
concdensi Я 

Just as we sometimes use ап in- 
strument for evaporating, so we 
likewise use one for condensing; 
and we therefore call such an 
instrument a condenser, 

(b) The heat of the coal in the 
engine furnace turns the water in 
the boiler into water-gas, 

By the coldness of the air taking 
the heat out of this hot vapour it’ 


? 
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Still for preparing Distile Water. 


WarER as А Gas (Varour)—Contirflied. 


-Experiments and Observations. 


Suggestions and Inductions. 


., the white clouds in the air above 


them, and are made in a like man- 
пег. (Ste picture, Reader, Ð. 134.) 


turns it back again to water. This 
is why we find water formed where 
a waste steam pipe opens in the 
air. 


D т, 

IV. Distillation. —We must have 
names for the work done when 
water turns into steam, and the 
Steam afterwards turns again to 
liquid. We say the water is era- 
porated and the steam condensed. 
Sometimes we have both these pro- 
cesses carried on in one instru- 
ment ; as in the distillation of water, 
spirits, etc. 


IV. A still is an instrument for 
turning a liquid substance into 
vapour, and then condensing the 
vapour into a liquid form. 

Spirit, or alcohol, is driven off 
from a still. That is the reason 
why such spirits are called 
“distilled liquors”. Evaporation, 
owing to the sun’s heat, followed 
by condensation, is Natures way 
of doing man’s work of distilling. 


4 TEACHING NOTES. M 


T. (а) The teacher shuld point out that, as in the previous ex- 
periments with wax and sulphur, the vapour of these still consisted 
9f wax and sulphur, only in a different “physical state,” so vapour 


and steam are still water. This might be proved, by condensing 


tie moisture of breath, and the steam from a kettle of water ( 


into drops of water, by means of a cold slate. e 
(6) The strong effort of steam to occupy larger and larger space 
may be illustrated by the extraordinary volume of steam from a 


kettle spout and from the funnel of a steam-engine. 


a 
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(4) This point may be illustrated by reference to sheep crowding 


ара hustling each other in their efforts to pass through 
and to boys let loose from school doing the same. 

numerous these are, the more they 
to escape. In this comparison the sl leep 


a gateway, 
The more 
outwards in their efforts 
and boys represent the 


jostling particles of steam bounding against and repelling each 


other, 

(е) Air, ог coa!yas, in 
heated in front of a fire, 
increasing the elasticity 
vapour of water. 


а partially cujlapsed "bladder, › 
will well illustrate the effects of heat ёп 
of gases, which may here stand fot che 


(f) Peversely, if this bladder be distended by heat, and be then 


placed in a cold draught. the sides 
as the elasticity of the contents decreases, 


collapse and wrinkle into folds, 
с. 


| г 
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29. ICEBERGS AND GLACIERS. 
(READER TIL, pp. 137—145.) 


Illustrative Objects. 
tains, and at sea-levels in 


moraines. 


Pictures of snow on slopes of moun- 
Arctic regions, 
icebergs and glaciers; and of late 


Pictures of ice-tloes, 


Picthres of 
perched on the edges of 


precipices, and of erratic blocks in cliffs of boulder clay, etc. 


Experiments and Observations, 


Suggestions and Inductions. 


І. Icebergs.— (a) In winter time, 
if we break the coating of ice on a 
pond, we see that the broken 
masses of ice still float on the water, 
without any support from the land 
around the pond. 


(b) If the wind blows strongly 
on the pond, we see that this ice is 
shifted about or the water, like a 
raft. Buta raft with a sail set w 
on it would move still more. So if 
the ice were not flat, but raised up 
in masses, as in the picture (pp. 
138, 141), these masses would act 
as sails, and the ice would float 
away more quickly, 

(c) Again, if it be a river that 
has the masses of ice on it, these go 


(a) This proves that ice must be 
lighter than water. 

We have already seen that it is 
so because it has expanded in 
freezing; and so bulk for bulk it 
has less matter in it as ice than as 
water. 

(^) A ship is helped or hindered 
not only by the wind blowing upon 
its sails; but also when it blows 
againsteits huge sides. In the 
same way, a train is sometimes 
greatly hindered, and even лүн 
altogether, when a hurricane blows ' 
against the carriages. This is algo 
what happens with regard to the 
huge sides of a large iceberg. 

(c) Whatever floats in water is 
for a time treated by the water as 


с 


© 


ral central, and terminal < 
Boulders with striated “surfaces, 
“roches moutonnées", and of blocks 


‚ after being pe 
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IcEBERGS AND GLACIERS— Continued. 


Experiments and Observations. 


Suggestions and Inductions, 


with the current, or stream of run- 
ning water. They would of course 
do so, whether the moving water 
were fresh or salt, This is what 
the icebergs in the picture are 
doing. The ocean has streams of 
salt water in it, **ocean-rivers," as 
we might call them. These carry 
with than drifting wrecks and 
drifting icebergs. 3 

The currentsin the cold northern 
Aretie regions are in some parts 
currents of cold water from the 
poles to the equator. This, there- 
fore, is the south direction 
taken by the icebergs that come 
from the Arctic Ocean. 


(9) But as these proceed south- 
ward they come into warmer 
regions, "hey therefore evaporate, 
and melt away, more and more 
rapidly from the warmer air around. 
them. 

(е) The waters of the ocean 
beneath them also become warmer 
asthe icebergs proceed southwards, 
This warm water at the “roots” of 
the icebergs therefore slowly melts 
their ba For both reasons, (d) 
and (е), the icebergs therefore be- 


come less and less in bulk, and | 


finally disappear altogether, long 
before the equator is reached. 


(/) If we float a piece of сойк 
and a piece of hard wood of the 
same size and shape, in water, we 
notice that there is more of the 
cork than of the wood out of the 
water. From this we see that we 
can tell how heary a floating sub- 
stance is compared with water, by 
the proportion of it in the water. > 

ће woel or cork were just as 
heavy as water, the top surfaces 
would be just level with the water, 
lf they were just half as heavy, 


if it were a part of it. Wherever 
the water goes, the floating sub- 
stance goes likewise (énless hin- 
dered by an opposite wind). This 
is sén in rivers and in ocean 
currents. Rivers will ca: awily 
houses, trees, dead afiimals.~ete. ; 
and ocean currents have been 
known to carry closed bottles 
thousands of miles. We know- 
“that the ocean is never still? We 
have already seen thatthe warm 
waters at the equatof flow towards 
the poles; and the cold water at 
the poles towards the equator, in 
the Ocean Circulation. tt is as a 


the particwar currents that bear 
off the icebergs do their work. 

(d)-(e) If we put a bit of ice 

in a saucer in a warm room, we see 
the result of both processes. 
icemelfy.and evaporates. Qhesame 
thing must also take place in our 
pond as warm weather approaches,, 
The advent of summer produces 
the identical effect of approach to 
warm latitudes. The ice on the 
pond becomes thinner; and, if then 
Bea n, the masses become smaller, 
We see this, but we do not so often 
take note of the loss hy evaporation, 
as we do to that due to heat. Yet 
we know that snow eva porates, as 
it becomes smaller int quantity: 
even when it does not melt. 

(7) We call the weight of a 
substance compared with its size, 
its density. A “heavy” substance 
is thus a **dense" one, or has great 
“densit®” ; a “light” substance is 
one of little density. Sometimes 
wecompare thedensitiesof different , 
substances, taking water as a stan- 
dard. In doing this we say that 
the density of ice is less than that 
of water, as 8 is less than 9. This 
would mean that 8 gallons of water 


would weigh about as much as 9 


е 
е 


part of this general circulation that и 
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т de Glace (Mont Buet), showing lateral moraines; 


GLACIERS und MORAINES. 1 
i $ з meeting and forming medial moraine; Fig. 3, 


Fig. 2, Schienhorn ang Ober-Aletech 
Glacier of етай, ang ot terminal moraine. 
+ 
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38 AND GLACIERS— Continued. | 
| 
Experiments and Observations. Suggestions and Inductions. о 
they would float half in, and half | 2 опз of ice. We might put this D 
out of, the water. in another way, and say that 8 о $ 
We know that ice is about one- | cubic feet of water would weigh as 
ninth part lighter than water; so | much as 9 cubic feet of ice. | 
we also know thet there will be Ар salt water is heavier than pr ° 
about eight or nine times as much fresh, because of the salt in, it ^" 
of the iceberg under the water as (which is heavier than water), the 
there is above it. "This shows us | der ity of the ice from it would be me 
what a huge size icebergs often | different compared with the salt ^ ^ 
must Bé, as they frequently rise | water from that between ice and | 
100 ft.above the water. © « fresh water, as in a river qr pond." 3 
б г uo 
П. Glaciers.—(a) If we lightly П. (a) This experznfent. explains. З 
press a handful of snow, it become why at the beginning of the glacier 
changed into small lumps of ice | we have snow; below this пеге, ча 
cemented together with snow? Tf the ice; and at the bottom, after all 
pressure were continued, and the | the pounding and kneading has? ко 
masses were kneadc together with gone on, Desi steel-blue, compact 
our knuckles, we should at last | ice. This glacier ice- is at first 
get very compact ice. ly compacted, and very differ- 
ent from that slowly formed in 
water. 27 
(0) In high mountains in tem- (^)- (c) The low tropical regions of ^ 
perate, and in still higher moun- | the е have no snow ;*the cold- ‘ 
tains in tropical, regions, there is temperate have snow only in winter; 
a line of “perpetual snow”. Here | the polar regions have snow æl , 
the snow falls all the year round, | the year round. At great eleva- | 
and accumulates. Then either it | tions there is the same climate in | 
is carried away by avalanches ; or | tropical as in polar regions. и 
the snow and ісе slowly slide down It must therefore be only in 
the slopes to melt away below the polar regions, or in high eleva- с 
line of perpetual snoy tions, that we can expect to find 
(c) At lower levels in Arctic | the cradles of glaciers. ` 
regions, as in Norway, Greenland, Jf the climate of a country be- 
etc., the snow similarly gathers, | came colder, we might, then have | 
and is passed on to lower levels, glaciers where they did not previ- 
a ously exist ; if, on the other hand, 
a glacier country became warmer, 
the glaciers would disappear parti- - | 
е ally or altogether. 
(d) In both (0) and (с), the pres- (d) M in winter time we pour 1 


sure of constantly falling snow be- 
hind converts the snow beneath 
into ice, and slowly forces this 
down the slopes, or towards the 


sea. On һе mountains, there 
must be funnelshaped valleys, 
with narrow mouths for these 
snows to accumulate in. The 


water down a hill-slope, and let 
this freeze, the frozen water affořds 
a capital surface for sliding or 
tobogganing. As this surface 
melts in the day time, we could 
increase its thickness by pouring < 
down more water at night. We 
should thus get an ice-cap. That 
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ICEBERGS AND GLACIERS— Continued. 


Experiments and Observations, 


Suggestions and Inductions. 


open slope of the polar countryà— 
or the ice-slope made beneath by 
accumulated ice hundreds of feet in 
thickness, suffices tomake a road- 
way for the gathering snows, that 
supply the glaciers. 

(c), The slow dewnward motion 
18 Переа on’ by other causes, be- 
side& pressure from behind. Among 
these are the following: 

29 (1) ре surface of Ше glacier is 
melted the day time by the heat 
of tiie suno hé water thus made 
then flows downwards through 
crevices (erevasses) made by the 
breaking of theglacierunderstrains. 
Tt flows beneath the glaciers in 
streams; and so reduces the fri 
tion of the bottom of the glacie 
grinding against; its bed. 


(2) Some of the water in the 
glacier, melted from tlre ice by the 
sun in Фе day, freezes atnight. 
Tn freezing it expands. Те pres- 
quire thus caused cannot for 
glacier upward against gr 
nor sideways against the wal 
the valley which the glacier has 
scooped out of the mountain's side: 
it therefore helps in pushing the 
mass downwards. 


o 


would explain the perpetual cover- 
ing of ice found all оуег Greenland, 
except on the shore-line, where the 
würm water of summer time melts 
the snow and Тед near it. 


(е) (1) When two 
stances are being тара together, 
certain liquids, as oils, placed be- 
tween the rolling or grinin z sur- 
faces, /exsen the friction. a Water 
will do this, as we sometimes find 
when we fall on a slippery wet 
pavement. "The water beneath a 
glacier also carries away the sand 
made ån the grinding. If this 
were left it would act like emery 
powder, and jgcrease the fricti 


ion. 
This explains why many exposed 
acier beds are often as smooth as 


(2) We might explain this ex- 
ion of water on freezing by 


pa 
leaving out on a window sill on a 


cold night a small bottle of water 
to be frozen. Then we should find 
the bottle cracked by the expanded 
ice. 

If the bottle were placed on a 
slope, the expansion, with proper 
inclination of the slope, would be 
sufficient to make the bottle roll 
down the inclination, Here the 


| bottle would represent the planier 


| and the window sill the bec 


(3) Ice is plastic, like thick pitch. | 


Tt therefore behaves as this would 
do on a slope. The glacier thus 
travels faster at the middle than at 
the sides, where it. drags agajnst the 
walls of the valley; and faster at 
the surface than at the bottom, 
where it also drags. So in passing 
downwards, the glacier becomes, 

it were, kneaded together, as it 
melts under pressure, and freezes 


of the 
glacier. 

3) We can partly understand 
this difference of rate by noticing 
that on a river, likewise. a floating 
cork will travel, faster in the 
middle than at the sides. 

But we сап see this still better 
by letting treacle slide down an 
inclined slate, as here the motion 
ig slow enough for us to examine it. 


again when the pressure is 
lightened. 
0 


solid sub- . 


2 
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е lig Mass of Granite, Es(bloc perche): resting on a glaciated surface of . 
TOCK, А (rocke moutonnée), 6 о 


Glacier Mable. Large flat stone supported on 


\ КМ | 
1 NE NA 
~ j 
illar of ice; ^ 
ай the snrronnding ice having been melted away or evaporated, 
260 s 
A СР 2 7 - | 


5 | 
Mass of Boulder Clay. © Separate Boulder (taken ont of boulder clay), A 
showing smooth and striated sùrface. "бу Е ( D 
172 4 | 
)4 
Е ева 
[4 
LJ 


? This NS be suflicient alone to 
form thé source of a lae river 


"falling tides, and vy storms. The 
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ICEBERGS AND GLACIERS— Continued. 


Experiments and Observations, 


Suggestions and Inductions. 


IIL Work done by Glacierg — 
(a) The first effect to note is that 
caused by the grinding of the 
glacier agajgst its bed, and against 
the walls of the valley through 
whichit descends. "This effec? isto 
cerve out the mountain's side, and 
to carry away rocks, boulders, and 
mud, from the sides and bottom of 
the valley. 


7* (Ie Other rocks are carried down 6 
at fasst on the surface of the glacier. 
These hav@ fallen there from the 
valley slopes. But they gradually 
become mixed up with tlie ice, as 
the glacier is kneaded and re-made 
in passing through gorges, 


(c) From beneath the glacier, 
the water that has melted from it 
often rushes-out in its descent. 


pun as the Rhone and Rhine). If 
he amount be less, yet the glacier 
in melting must yield a supply of 
water. 

In both cases the water becomes 
а carrier of mud, silt, sand, pebbles, 
ete. As it flows on for thousands 
of years, it and the glacier together 
**pick the bones" of the country; 
they lessen the height of the moun- 
tains, and strew their materials at 
their bases, 


(4) The same kind of work is 
done on the ice slopes of A 
countries. But here the glacie 
do not melt at their termiaations. 
They slide on into the sea, and are 
there broken off by the rising and 


bxoken portions then float away as 
icebergs, 


> 

ПІ. (а) It is obvious that if ће 
continents are being thus con- 
stantly worn down by glaciers 
(and rivers), and carried out to 
the floors of the ocean, the land 
must all finall$5 disappear, unless 
the counteracting work of upheav- 
ing by earthquakes and volcanoes ` 
were going on at the Sane time, to 
raise anew’ these lands «nd con- 
tinents. 

(b) Wt have already seen text 
the water in er 
pands in freezing, and thus rends 
the rocks asunder, It must be in 
this way, and by the grinding 
action ОГ glaciers against the sides 
of the valleys, that these rock- 
m fall og the surface of the 
glaciers. 

(c) The ice of the glacier, and 
the water melted from it, thus act 
s partners. The ice does the 
heavier work of carrying down 
the large rock masses, and parti- 
ally grinding them to powder. 
The water does the lighter work 
of carrying away the “ rubbish” 
left by the master-workman. . 

As in different parts of our 
country we find boulders removed 
miles away from their original 
homes, and as they are too large 
to have been carried away by the 
waters of the rivers, we conclude 
that they have been carried by ice, 
since there is nothing else that 
cowld so remove them. 

(d) We might thus think of ice- 
bergs as the offspring of glaciers ; 
and of glaciers 83 the parents of 
icebergs. 

We must also remember that 
icebergs as well as glaciers are the 
carriers of rocks and sand; only 
they drop their rocky burdens on 
the floors of the ocean, not at-the © 
bases of mountains. 


vices of rocks ex- + 
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TEACHING NOTES. 


If this lesson be given in winter time, the teacher should mani- 


=> g pulate a handful of snow, as suggestéd, and let two or three of the 


children do so, likewise. 

Pictures of glaciers in mountain regions (in Switzerland, Norway, 
ete.) should be shown ; and others of polar regions (Greenland, 
Iceland, etc.) on lower levels. - я 

The teacher should point out that conical mountains (volcanoes) 
would shed their snow in avalanches, as the roo$ of a house casts 
off the sng in sheets. But shallow valleys, wide at the top and 
harrow.26 the bottom, would form basins, like reservoirs for water, 
with the exception that, instead of an embankment, there would: 


Y an'open mouth below, for the “prs 


The viscous nature of ice shouk 
deseribed, without the name of tl 


important that the class sl 


ав this is so frequent a phenomenor 


s to produce one effect (the downw: 


се of the glacier. {| 
1 be illustrated in its ейгез, as 
he property being given to the 
hould notice the- multiplici 
ard motion of the glagi 
Nature, and young childr 


vin eu, 


аге apt to conceive of an effect as the result of one cause only. 


V 
30. THE ATMOSPHERE. (RfApER IIL, p. 152. 
Illustrative Objects. A toy balloon filled with hydrogel. ; 
a toy fire balloon; a soap-bubble ; pictures of a balloon (header, 
` p. 155), and of clouds (p. 157). ; 
Experiments and Observations, Suggestions and Inductions, E 
I. Composition, — (a) The air isa I (а) "There must be oxygen in С 
mixture of gases, —mainly nitrogen: | the air, for we could not live with- 
and oxygen. There are about four | out oxygen; and there is nothing — | 
parts of the former and one part of | except the air from which we could 
the latter, in every five. 2 obtain it in our daily lives, — — — r 
(b) The oxygen of the air, as (b) We also see that the airmust —— 
we have already seen, ‘‘supports | contain oxygen since our fires and 
combustion”, orWllows lights, fires, lights burn, which they could not 
ete., to burn in it. do witout oxygen. , 
(c) The nitrogen in the atmo- (c) But the air is not all oxygen, г 
spheric mixture is of use to prevent | since iron burns in that gas when 
this burning process taking place pe and our fire grates do not 
too rapidly. $ burn in the air. : 
IL. Properties.—(n) Like all other П. (а) If any substance gives 
gases, the air is elastic, and, like | way under pressure, and bounds 
xy Жж x та 
( 
9 n 
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THE ATMOSPHERE— Continued. 


а Experiments and Observations. 


Suggestions and Inductions. е 


them, ean be made still more so 
(as I now make the air in this 
pop-gun) hys pressure. 
(b) Its elasticity can also be in- 
< creased by heat, as you see when 
Ishold before the fire this paper 
bags half-filled with air, since the 
rinside then swells, or expands, 
and forces out the walls of the bag. 
.Qur warm breath also expands a 
"sod: е. 

(6 We can get work out of the 
pressure of the air; as in a sail- 
ing ship, wind-mill, ete. It will 
in like manner force up a balloon, 
which might even carry men and 

Э luggage. 

D (d) Heated air also does work, 
as in ventilating a room. Then 
the heated bad air rises up the 
chimney, and thus makes room 

4 for colder, purer air to come in 
at the doors, etc., to dake its 
place. 


back again when the pressure is 
taken off, we say it is elastic,—as an 
indiarubber ball. А 

(b) АШ gases and vapours will 
expand, and 1Йсоше thinner and 
lighter by heat. This explains 
why the steam comes out of the 
locomotive funnel уі псі force, 
and why the steam 1 е lid of 
a kettle containing boiling water. 

е е чаъ 

(c) Many other instances of ты 
mechanical! work done by this 
mechanical pressure of air can be 
ziven g the class; as in flying a 
Kites ring a pop-gun, working a 
fire-engine, etc. 

(d) ‘The cl@s may also conclude 
that this is mechanical work, since 
the heated air will lift light 
weights (fine tissue paper, wisps 
of wool, etc.) that are dropped just 
in front of the chimney — and will 
cause the smoke to pass upwards. 


^ ТП. Moisture in the Аш. (а) 
We said before that the sun 
causes water to rise from the 
Seas, etc. (Evaporation.) 

(b) As we rise to great heights, 
аз in a balloon, or оп Ше tops of 
mountains, the air becomes co/der. 
This moisture then also becomes 
colder. Then it is condensed (Con- 
densation), 

(c) In condensing, vapour takes 
the forms of cloud, mist, fog, hoar- 
frost, dew, and rain; and with 
still greater cold, the form of 
snow. 3 

(4) Clouds are not ай alike. 
Some are comparatively low (rain- 
cibuds, or nimbus); some аге 

` woolly masses, like fleeces, high 

› in the air (cumulus); others are 
streaky, and still higher (stratus) ; 
lastly, some are like little wisps 
(cirrus). We see all these in the 
sky, and in these pictures of them. 


Ш. (а) As the sun shines only 
by day, it is then that the air must 
be warm, and the work of evapora- 
tion chiefly carried on. 

(b) As the opposite is the case 
at night, the opposite kind of work, 
or condensation, must then be most 
carried on. Hence, heavy dews 
are often seen in the early morn- 
ing. 

[o The mist is closest to the 
grgund, the clouds highest above 
it; but we find these latter vary 
greatly in height. 

© 


(4) The highest clouds must be 
the lightest; and the lowest the 
heaviest and fullest of moisture, 
These latter will, therefore, soonest 
fall in rain; and so are well called 
rain-clouds. The highest clouds e 
give promise of fine weather, rather 
than of rainfall shortly to come. 
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THE ATMOSPHERE— Continued. 


Experiments and Observations. 


IV. Carbonic Acid— (а) Besides 
oxygen, nitrogen, and moisture, 
there is a small quantity of carbonic 
acid mixed with these in the air, 


(0) We hg already seen that 
‘carbonic 214 is given off when 
limestoré’ or chalk is burnt in a 
limekiln. All other forms of 

: Learning, or Combustion, also pro- 
duce it; and this “produci of 
combustion” passes into the atmo- 
sphere. 

(c) But there is а slower kind of 
combustion going on, when animal 
or vegetable substances decay or 
putrefy. So we may say another 
cause of the presence of carbonic 
acid in the air is Putrefaction. 

(4) But the same kind of process 
is also going on inside из, and in 
all animals that breathe. The 
waste products of this slow com- 
bustion are carbonic acid, and a 
few other substances. So we may 
say that another cause of carbonic 
acid being present in the atmo- 
sphere is Respiration. 


ТУ. (a) If we take away all the 
oxygen, the nitrogen, and the 
moisture from air, wE)find there 
is a small quantity of something 
else fer This is usually the gas © 
we are now talking about. ы 

(0) We have alreafly веер, that 
chalk,and limestone, are carbone fan, 
and that this would show that they 

| contain carbon. Most срив, 
"substances (such as fats ай“ ils) 
also contain carbon, and therfore 
give off carbonic acid when burnt. 


(c) We might judge that pure- 
faction is like slow combustion, be- _, 
cause a decaying heap of manure, 
etc., gives off a great deal of heat 
and steam, е 


(d) It is fuel that is consumed in 
a fire and in a furnace. We do .. 
not tale in “fuel” exactly like 
this. But we do supply the body 
with food substances, as regularly, 
as the stoker supplies his furnace 
with coal, coke, etc. It must 
therefore be our food that serves 
as fuel, and that gives off carbonic 
acid in the burning. 


TEACHING NOTES. 


I. This will be the first lesson given to the class in®combined 


Physics and Chemistry. Tt yill 


here suffice to tell the class that 


these two gases—oxygen and nitrogen—have opposite properties so 


far as burning 

piration), are cóhcerned. 

. A small piece of magnesium 

class, to show the children how 

does its work, as this is a very 
TI. This elasticity шау 


(Supporting Combustion), 


and breathing (Res- 


wire might be burnt before the 
brilliantly the oxygen of the air 


simple and cheap experiment. =" 
be illustrated by temporarily squeezing 


i Suggestions and Inductions. 9 


аа 


о 


out of shape ап indiarubber ball filled with air, and then a solid 

one of the Same material, to show the class that when thrown, or 

pressed hard on a greasy slate, the elastic substance for a moment 

alters its shape (as indicated by the mark it leaves on the slate), but 

immediately recovers its shape when the pressure is withdrawn. * 
а 


т 
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IIL Here the teacher should refer back to the lessons on these 
subjects. 
D In the eountry, бЕр should be taken to make the cla& = 
very familiar with these e/Gud forms, as so much depends in ruraP— 
. o districts on being able to foretell the weather within short intervals. 
Moreover, there is an immense beauty in clouds which most people, 
: except atfists, miss, from not having their attention directed to 
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(Parts of Books IV and V of the Gallic 


War); Edited by John Brown, В.А. 18.64. 


CICERO—STORIES FROM CICERO. 


s Edited by A. С. Liddell, M.A. 18, 6d. 


CICERO—THE FIRST CATILINE 
ORATION, Edited by C. Haines Keene, 
M.A, Illustrated. 18. 6d. 

CICERO — THE CATILINE ОКА- 
"TIONS роле . Edited Бес. Haines 
Keene, M.A. Illustrated. 2з. 64. 


CORNELIUS NEPOS: Selections. Ed- 


ited by A. W. Carver, МА. Cloth, 18. 


° 


CORNELIUS NEPOS: Select Doe 
hies. Edited by J. E. Melhuish, M.A. 
ар Svo, cloth, 18. 6d. ` 

EUTROPIUS—BooKs I and 11. Edited 
N m Cecil Laming, M.A. JUustrated. 

8, 6d. 

HORACE—THE ODES. Edited by 
Вер Gwynn, B.A. Illustrated. BOOKS 
I-IV. Crown Svo, cloth, 1s. 6d. each. 

HORAGE--HISTORICAL AND POLI- 
TICAL ODES. Edited by Prof. A. J. 
Church, М.А. Crown 8vo, 28, 6d. 

LIVY—BooK V. Edited by W. Cecil 
Laming, М.А. Illustrated. 2s. 6d. 

OVID—STORIES FROM OVID. Ed- 
ited by A. H, Alleroft, M.A. 1s. Gd. 

PHAEDRUS—SELECTIONS FROM 

HAEDRUS, Books І. and H. Edited 

y S. Е. Winbolt, В.А. Cloth, 1s. 

TAGITUS—AGRICOLA. Edited by W. 


©. Flamstead Walters, МА. 1s. 6d. 


VIRGIL—AENBID. Воок 1. Edited 
by Prof, А. J. Church, М.А. Cloth, 1s. 


^.. VIRGIL—THE STORY ОЕ AENEAS. 


Edited by A, H. Allcroft, М.А. 25, 
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EURIPIDES. 
by P. B. Haleombe, M.A. Illustrated, 
Crown 8vo, cloth, 1s. 6d. 

XENOPHON—ANABASIS. Воок T. 
Editedjby С. E. Brownrigg, М.А. 15. 6d, 


А JUNIOR LATIN SYNTAX. В 
A. Ту Stevens, B.A. Cloth, 8d. У 


ELEMENT&RY LATIN GRAMMAR, 
Cloth, 15: * 


LATIN GRAMMAR PAPERS. For 
Middle Forms. By A. C. Liddell, M.A. 1s. 


PRAXIS PRIMARIA: Exercises in 
Latin Composition. By Dr. Islay Burns. 
Seventh Edition, 2s, KEY, 3« 6d. 


LATIN STORIES: Short Selections 
from the best prose authors. Edited 
by A. D. Godley, М.А. 18. 


LATIN PROSE OF THE SILVER 
AGE: SELECTIONS. Edited by C. E. 
Brownrigg, M.A. With an Introduction 
by Т. Н. Warren, М.А. 48. 6d. 


FIRST STEPS IN CONTINUOUS 
LATIN PROSE. By W. С. Flamstead 
Walters, M.A. Cloth, 2s. 

HINTS AND HELPS IN CONTINU- 
OUS LATIN PROSE. Ву W. C. Е. 
Walters, М.А. 98. KEY, 2s. 64. nett, 


э HINTS AND HELPS IN CONTINU- 
OUS GREEK PROSE, By W. С. Flam- 
stead Walters, M.A. Cloth, 2s. 6d. 


A CLASSICAL COMPENDIUM: being 
a Handbook to Greek and Latin Construc- 
tions. By С. E. Brownrigg, М.А. 2s. 6d. 


MYTHS AND LEGENDS OF GREECE 
AND ROME. By E. M. Berens. Illus- 
a trated. Есар 8vo, cloth, 2s. 04 


LATIN UNSEENS: Junior Sections 


3d.; Intermediate, 4d.; Senior, 


GREEK UNSEENS: Junior Section, 
4d.; Senior Section, Sd. 
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Xing Lear. Edited by H. A. Evans, М.А. 84 
English beth. Edited by Н. C. Notcutt, BLA, &d. 
Tchant of Venice, The. Еди by Се 
A SCHOOL HISTORY OF ENGLISH TEM BAL d Те. Edited by George 
LITERATURE. By Elizabeth Lee. Midsummer-Nigh 


You. I. Chaucer to Marlowe. 1s. 6d. 
Vo. П. Shakespeare to Dryden. 2s. 


SPECIMENS OF ENGLISH PROSE. 
Selected and edited "у Bertha Skeat, 
Ph.D. 1s. 6d. 


THE WARWI^X LIBRARY. Com- 
parative Manu . of English Literature. 
General Edit .—Professor C. Н. Herford 
Litt.D. Cr wn 8vo, cloth, 3s. 04. each. 


English Pastorals, Edited by E. К. 

sU Smera, В.А. $ 

iticism. Edited by Pro- 
М.А. 


"Vaughan, 
English Essays. Edited by J. H. Lob- 
Din М.А. 


English Lyric Poetry (150-1700), 
Edited уй 1 Carpenter MAS EA 

English Masques. Edited by H. A, 
Evans, M.A., Balliol College, Oxfo i. 


English Satires, Ед, еа by Oliphant 
Smeaton, М.А. 


THE WARWICK SHAKESPEARE. 
Edited for students and senior candidates 
in the University Local Examinations. 
Cloth, 18. 6d. (with two exceptions). 

As You Like It. Edited by J. С. Smith, М.А. 
Coriolanus. Edited by E. K. Chambers, B.A. 
Cymbeline. Edited by A. J. Wyatt, M.A. 
Hamlet. Edited by Е. K. Chambers, B.A. 

the Fifth, Edited by б. С, Moore 


Smith, M.A, 
Edited by D. Nichol 


the ith. 
Smith, PU 

Edited by A. D. Innes, М.А. 18. 

Macbeth. Edited by E. K. Chambers, В.А. 15. 


Julius Casar, 


t of Venice, The, e 

Mer се, The. Edited by Н. L 
idsummer-Night's Dream, 

E. Ks Chanter, В DT 


IL EüitedbyQ.H. Herford, Litt.D, 
Richard ІП. Edited by George Macdonald, 


Tempest, The. Edited by Е. В. Boas, M.A. 
Twelfth Night, Edited by A. D. Innes, М.А. 


INTRODUCTION to SHAKESPEARE, 
By Prof. Dowden. Illustrated. 25. 6d. 


BLACKIES JUNIOR SCHOOL 
SHAKESPEARE, For ї 
F'cap 8yo, cloth. Ri еи: 


As You Like It. Edited 
aren Lik ited by Lionel W, Lyde, 


Coriolanus, Edited by Walter Dent. 10d. 
ME Edited by W. Е. Baugust, В.А, С 


Hamlet. Edité by L. W., Lyde, М.А. 104, 
Henry the Fifth. Edited by W. . B 
Henry the Eighth. Edited by G. H. Ely. 6d. 
Julius Cæsar, Edited by Walter Dent. ва, 
King John. Edited by F. E, Webb, В.А, sd. 


Dream, A. Edited by 
W. F. Baugust, BOL. ва. [3 

Richard the Second. seated by W. Barry, d. 
Tempest, The, тану Eljibeth Lee. 8d, 


Twelfth Night. Edited by tiid Jame. sd. 
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BLACKIES ENGLISH CLASSICS. 
Edited for school use, with Introduction, 
Notes, «с. whiner 


Addison. — SELECTED, ESSAYS эсем 
THE SPECTATOR. Edited by the Rev. 
Henry Evans, D.D. 2s, 

Addison. 
Edited by Frances E. Wilcroft. As. 

Bacon.—SELECTED essays. Edite vy 
the Rev, Henry Evans, D.J. 15, 

€ampbell.—Tnr PLEASURES OF HOPE. 

Edited by W, Keith Leask, M.A., and 
eorge Н. Ely, В.А. Ва. 

Carlyle, —READINGS FROM CARLYLE. 
Edited by W. Keith Leask, М.А. 25, 6d. 

€ сег.--Тнк PROLOGUE TO THE 

CANTERBURY TALES, Edited by E. Е. 

Willoughby, M.D. 1s. 6d. ү, 

Goldsmith.—Sir Sroors то Cox- 
QUER and Tir GOOD-NATURED MAN, 
Edited by Harold Littledale, М.А. 1s. 

Goldsmith.—Tir CITIZEN OF THE 
Мо Selected Letters, Bdited by 
W. AJ ckington, M.A. 2s, 

Lamb.—SrLECT TALES FRO) 
йр ци Edited by David. Ёге 

s. 6d. 


SHAK- 


Longfellow, --Тнк Courts ок 
MILES SrANDISH. Edited by the Rev, 
Henry Evans, D.D. 1s. 


Macaulay. — Essay ON ADDISON, 
dited by Charles Sheldon, D.Lit 
A., B.Sc, 95. 


Macaulay.—Essay on Мплоҳ, Ed- 
ited by John Downie, М.А, 2s, 
Macaulay,—HonATIUS, LAKE 
LUS, PROPHECY OF CAPYS, Ва 


Milton.—Panavise Lost.g Edited by 
F. бане М.А. Books I, їз, and Пі, 
each 1». 


ilton 
by E. 


REGIL- 


—SAMSON AGONISTES, Edited 

. K. Chambers, B.A. 1s, 6d. 

Рорс.-ВАРЕ or тик Lock. Edited 
by Frederick Ryland, М.А. Is, 64. И 


Всой.-#не Lay or THE LAST MIN- 
STREL. ls. Cantos 1-11], cloth, 9d., 
paper, 6d.; IV-VI, cloth, 94., paper, 64. . 


Bcott.—Tur Lavy or THE LAKE, Ed. 
ited by W. Keith Leask, М.А. 1s, 


JUNIOR SCHOOL ENGLISH CLASS 


ICS. Each (with a few 
pages, with Biographical 
&c.; paper, 24.; cloth, 3d. 


Aytoux.—The Burial. 
The Island of the [is 
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Bnowxisc.—The Pied Piper of Hamelin. 
5 Brnox.—The Prisoner of Chillon. 
Brnox.—The Prophecy of Dante. 


| Caxrner English Ballads, Sir РеЗНек 
| т Speng, с. 

| Салмевкїл.—Вопдз а: 
| Ou Ваша Chen 


Coren the Ancient Mariner. 


Cowren.—Jo'p Gilpin, and other Poems. 

ы, бопрвмтти,—?һе Deserted Village. © 
оцрзмти.—Тһе„ТгауеПег. . 

f- сық. The Elegy, to College Ode, The Bard. 

; ada, Ivry, Battlo of Naseby; 

SE "of Lake Regillus;’ Horatius, 

MacavrAv.—Horatlus and Battle of Lake 
Regillus, in one volume, cloth, Gd. 


j 
+ so уло ‘Allegro and Il Репзегозо. 
E “3 ва m Canto T, with Illustrated ? 


>. ; cloth, 44. Само II, 
Saper, 24. за. 


Canto VI, 56 pp. 


В a 
.—Тһе Lay of the Last Minstrel. Cantos 
I, 11, 111, RA У, ST. a separntely. 
Scorr.—The UM of the Lake. Cantos I, 
11, III, ТУ, V. VI, each separately. 


време 
nry VIII, Richard II, Julius Cæsar, 


i, 
The ranges ‘of Venice. 
A Wornswortu.—Selections from the Shorter 
D. Poems. Edited by W. Dent. 
bn Bunxs.—The Cotters Saturday Night, &c. 
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© The PUPIL'S ENGLISH GRAMMAR. 
| Е сар 8vo, cloth, 1s. 6d. 


THE ELEMENTS OF ENGLISH 
PROSE. By W. A. тос аріп М.А. 
Crown Вуо, cloth, 2s. 64. 


HIGHER ENGLISH: a Course of Eng- 
lish Study for Middle and Upper Forms. 
By David Campbell. Е сар 8уо, cL, 1s. 6d. 


LOWER ENGLISH. By David Camp- 
bell. F'cap 8vo, cloth, 1s. 

ENGLISH FOR BEGINNERS. By 
„David Campbell. Cloth boards, 1s.; limp 
cloth, 10d. 


HANDBOOK OF ENGLISH COM- 
23 POSITION EXERCISES. Cloth, 1s. 


STORIES AND ESSAYS. оар вто, 
ә cloth, 18, 


ЧЛ SELECTIONS FOR PARAPHRASING. 
‘lected by W. Murison, М.А. Cloth, 1s. 


+ Modern Languages 
MODERN FRENCH TEXTS. Edited 
Бү Етап в Storr, В.А. 1s. each. 


^ Lettres de Paul-Louis Courier, 
> Баке by J. С. Anderson, В.А. 18. 
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Eee CourtofSpain under Charles 
&c.,by Paul de Saint-Victor, Edite 
Dy Fennel Storr. 1s. With Voosb. lo 


Voyages en Zigzag. Подаръ цд? 


Тбрйег. Edited by Ascott R. Hope. 15, L 


Sarceva Siège Яс Paris. Edited b: 
kman. 1s. With Vocab., 1s. 


са 1—8 Trappeurs ас 
Arkansas, Edited by M. Ninet, 1s, 
ith Vocabula, 1s. 6d. 
Selections from Taine. Edited b; 
Francis Storr, В.А. T introduction 
by C. Sarolea, Ph.D., S 1s. 6d. 


MY FIRST Fami 00K. By - 
Marguerite Ninet. Illustrated, 18. 


LES DEUX BOSSUS. ЕМ (а. y 
Émile В. Le François. With frontisplecc? — 
Cloth, 18. EN 


SONGS OF BÉRANGER. Edited by 
G. H. Ely, В.А. 18. 

LE GRÉSOR DE MONTE CRISTO. 
Edited by B. Proper. Illustrated. 1s. 64. 

FPEUR DE MER. By Pierre Maël. 
Editi ША. J. BRelle, B.ès-L. Cloth, 1s. 


ACHILLE ET PATROCLE. Edited 
by Emile В. le François. Cloth, 8d. 


FRENCH STORIES: a Reading. -book 
for Junior and Middle Forms. Edited 
by Marguerite Ninet. Cloth, 18, 
READINGS IN FRENCH. By Mar- 
guerite Ninet. F'cap 8vo, cloth, 18, 6d. 


FRENCH TALES FOR BEGINNERS. 
By Marguerite Ninet. Illustrated. 1s, 


A MODERN FRENCH READER. 
By J. J. Beuzemaker, B.A, Cloth, 18. 


FRENCH UNSEENS. Junior Forms. 
за. Middle Forms, Cloth, 18. Upper 
Forms, Cloth, 1s. 6d. 


A FIRST FRENCH COURSE. Ву 
J. J. Beuzemaker, В.А. Cloth, 15. 64, 


А SECOND FRENCH COURSE. By 
J. J. Beuzemaker, В.А. Cloth, 2s. 6d. 


FRENCH IRREGULAR VERBS, fully 
cDhjugated. By Marcel Rosey. 0d. 


HISTORICAL SKETCH OF FRENCH 
LITERATURE, Ey Marcel Rosey. 1s. 


A COMPLETE COURSE OF FRENCH 
COMPOSITION AND IDIOMS. By 
Hector Rey, B.és-L., B.Sc. Cloth, 3s. 6d. 


A COMPREHENSIVE FRENCH 


oQMANUAL. By Otto С. КМ, М.А. 3s. 6d. 


A MANUAL OF FRENCH 
CONSTRUCTION. Ву 7. б. An 
B.A(Lond.). Crown Svo, cloth, 5$. 


A FIRST GERMAN COURSE. By 
A. В. Lechner. Crown Svo, cloth, 18, 0d. 
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ECOND GERMAN COURSE. By 
асот MA. Cloth, 2s, 6d. 


GERMAN STORIES. With Notes, 
Xc.,by L. de Saumarez Brock. 1s. 6d. 


GERMAN UNSEENS, Junior Section. 
Selected by D. S. Rennard, В.А. 4d. 


SCHILLERS SONG OF THE BELL. 
Edited by George Маг tonald, М.А. sd. 


Р Story 


THE ОХ" КО MANUALS OF ENG- 
LISH HIS.ORY. Edited by C. W. C. 
Oman, M.A. Cloth, 18. each. 


=. һе Making of the English 
Nation, в.с. 55—A.D. 1135. By С. С. 
Robertson, В.А. 

IL King and Baronage, A.D. 1135- 
1327. By W. Н. Hutton, B.D. 


IIL England and IHuadred. 
Years" War, A.D. 1 485, ° By C. 
'W. C. Oman, M.A. 


IV. England and the Refoíma- 
uon, А.р. 1485-1603, £ yG. W. Powers, 


V: King and Parliament, AD. 
1603-1714. By G. H, Wakeling, M.A. 
-VL The ae of the British 

Empire, A.D. 1714-1882. By Arthur 

Hassall, М.А. 

LANDMARKS IN 
TRIAL HISTORY, 
Warner, М.А. бз. 


А BRIEF SURVEY OF BRITISH 
HISTORY. By С. Townsend Warner, 


M.A. With Tables, Summaries, Maps, 
Notes, &e. 18. 0d. 


A SUMMARY OF BRITISH HIS- 
TORY. By Edgar Sanderson, M.A. 15. 


А HISTORY OF THE BRITISH 
EMPIRE. By Edgar Sanderson, М.А. 
476 pages, F'cap вто, cloth, 2s. 64. 


THE WARWICK ENGLISH HIS- 
TORY. A Sketch of the Development of. 
England and the Empire, From B.C. 55 
to Ше present time. Cloth, 3s. 6d, € 


THE WARWICK HISTORY READ- 
ERS: Illustrated Reading Books in 
English History. Crown 8vo, cloth, 


Nol. Simple Stori 
dz, Staple Stories from English History, 


No, II. Simple Stories. Part IT., 10d. 
No, 111. Stories from B.C.55—A.D. 1485, 15. 
No. IV. Stories from. 1485—1688. 18.44. а 


No. V. Stories from 1688 to Prei 
Hy. Н. Кове МА. те od 2768006 Time. 


“No, VI. History of England to 1603. 
Edgar Sanderson, MA. ia со 1808. By 
Хо. VIL History ог Ем 

Present Time, Ву. 


ENGLISH INDUS- 
By G. Townsend 


land from 1603 to 
- Ely, B.A. 18.04. 


THE RALEIGH HISTORY READ- 
ER? Illustrated History Reading Books 
for) tandards IV to VII. 


АХ EPITOME OX HISTORY, Ancient, 
Medieval, and Мо ern. By Carr Ploetz. 
Translated by W. ДЕРЕ 7s. 6d. 

OUTLINES OF THE Een OF 
ENGLAND. By George ing. Illus- 
trated: Cloth, red edges, 95, 6d. 


OUTLINES OF THIOWORLDS HIS- 
TORY, Ancient, Mediæval and Módorn. 


By Edgar Sanderson, MA. Cloth, 66-00. > с 


Also:—Part I, ANOIENT ORIENTAL 
MONARCHIES, 18.; Part 11, GREECE AND 
ROME, 25.; Part ITI, MEDIRVA) STONY? * 
1s.; Part IV, MODERN HISTORY, А 


А SYNOPSIS овЕкатет HISTORY, 
By Herbert Wills. Crown Bvo, cloth, 2s, 


ASYNOPSISOFSCOTTISH HISTORY. 
By Herbert Wills. Crown Svo, cloth, 25. 


THE SCOTS READER: a History of 
Scotland for Junior Pupils. 
Campbell Ксар 8vo, cloth, 1s, 


OUR COUNTRY: a History for Lower” 
Forms. By Edgar Sanderson, М.А. Tl- 
lustrated. ` Cloth, 1s. 4d. 

THE STORY OF ENGLAND: a His- 
tory for Lower Forms. By Edgar San- 
derson, мед, Illustrated. ` 18. Ud. 
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MAN ON THE EARTH 
Geography. By Lionel W. Lyde, M.A. 
Fully illustrated. Crown 8vo, cloth, 9s, 


BLACKIES DESCRIPTIVE GEO- 
GRAPHICAL MANUALS. By W. 
Baker, M.A. 


No. 1. Realistic Elementary С aphy, 
Taught by Picture and Plan, 1s. [a Di 

No.2, The British Isles, 95, 

No.3. The British Colonies and India. 2s. 


No. 4. Europe (except the British Isles}. 
Crown Вуо, cloth, 22. 


No. 5. The World (except Europe). Cloth, 25. 


THE GEOGRAPHY OF THE BRI- 
TISH EMPIRE, By W. С. Baker, М.А. 
Cloth, 3s. Фа, 


INTRODUCTORY GEOGRAPHY, By 
W. G. Baker, M.A. With 70. Illustrations, 
and Maps. Cloth, 1s, 


COMMERCIAL GEOGRAPHY om 
THE WORLD. By Professor Zehden. 
Second. Edition Crown 8vo, cloth, 5s. 

AUSTRAPASIA: a Descriptive Ac; 
EE Ву W. Wilkins, Illustrated. 
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| А SYNOPTICAL GEOGRAPHY OF 
THE WORLD: a Concise Handbookg 1s. 
THE GEOGRAPHY OF NOTH 
THE GEOGRAPHY OF 


AMERICA. 
ASIA. “Each, cloth, 4H. Р 

THE СЕЖГОВИ/ GEOGRAPHICAL 
HANDB: Т Maps «с. In 8 
Numbers, ns 9d. to 4d. each. 

THE RALEIGH GEOGRAPHY 
READERS. —lNustyated — Geography 


. Reading Books for Standards IV to 
.— VIL, ‘Crown 8yo, cloth, 


^ “Wook 1V.—In preparation. 
+ Book V. ography of Great Dritain and 
^ ^ SS 64, 
| 5 2 —Geography of Greater Britain. 
| "US ad 
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| 


LAYNG'S ARITHMETIC. By A. E. 

© = Layng,M.A. Crown Svo, cloth, with An- 

9 swers, 48, 04. Also in Two Parts each, 
with or without Answers, 28, 0d. 


4 А LAYNG'S EXERCISES IN ARITH- 
METIC. Being the Exercisesof theabove, 
published separately. Without Answers, 
2з. 6d.; with Answers, За. 

s] Part I (5000 Exercises), without An- 
f swers, 159 with Answers, lsf?9d.; AN- 
М SWERS, ба. “ 

г Part IT (3500 Exercises), without An- 
1 ers, 18. 04.; with Answers, 25.; AN- 
SWERS, 0d. 


HIGHER ARITHMETIC AND MEN- 
SURATION. For Civil Service, and 
Higher Examinations. Ву E. Murray. 
Crown 8vo, cloth, with Answers, 3s. 64. 


PICKERING'S MERCANTILE AR- 
ITHMETIC, for Commercial Classes. By 
E. T. Pickering. Cloth, 1s. 6d. 

А COMPLETE ARITHMETIC. Cloth. 
With Answers, 18. Gd. Exercises only, 192 
pages, 1s. nswers alone, 6d. 


“w= EXAMINATION ARITHMETIC. Pro- 
lems and Exercises (with Answers) from 
University Local Exam. Papers, By T. 8. 

з Harvey. Cloth,9s. KEY, 4s. 6d. 


Mathematics * 


| UCLID'S ELEMENTS OF GEOME- 

TRY. With Notes, Examples, and Ex- 

ercises. Arranged by A. E. Layng, М.А. 

Books I to VI, with XI, and Appendix. 
wn 8vo, cloth, 3s. 6d. 

Books I to IV in опе yol, 9s. 64. 
Book I, 15; П, с4: Ш, ty; IV, 6@.; 
ТУП, 1s, 3d.; I-II, 2в.; Y and Vi 
together, 18.; ХІ, 18. Gd. Key to BOOK 
1/25. 64.; to Complete Euclid, 55. 

LJ 


b v 


A NEW SEQUEL TO EUCLID. By 
Professor W. J. Dilworth, М.А. Crows 
Svo, 2s. 6d. Also in Pari 
Part II, 2s. 


PRELIMINARY ALGEBRA. 
Wyke Bayliss, В.А. 1s. 


ALGEBRA. To Progressions and Scales 
of Notation. By І, б. Kerr, M.A. With 
‘Answers, 2s. 0d.; Without Answers, 2s. 


ALGEBRAIC FAC By Dr. W. T. 
Knight. F'cap 8vo, clotiz KEY, 8з. 0d. 
ELEMENTARY TEX OOK OF 
TRIGONOMETRY. By R. ЛЯ. Pinker- 
ton, BA, Е'сар 8vo, cloth, 2s. S 

MATHEMATICAL WRINKLES а. 
Matriculation and other Exams, Ву Dr. == 
W. Т. Knight. F'cap Svo, cloth, 25, 6d. 

AN INTRODUCTION TO THE DIF- 
FERENTIAL AND INTEGRAL CALCU- 
LUS» With examples of applications to 
Mechanical Problems. Ву W. J. Millar, 

C.E. ge Syo, cloth, 1s. 6d. 
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DESCHANELS NATURAL PHILO- 
SOPHY. Ап Elementary Treatise. Ву 
Professor Deschanel, of Paris. Translated 
and edited by Professor J. D. Everett, 
D.C.L,, F.R.S. Medium Svo, cloth, 185.7 
also in Parts, limp cloth, 4s. 6d. each. 

Part I.—Mechanics, Hydrostatics, &c, 
part Ig Heetrlelty and Magnetism, 
Part IV. Sound and Light, Е 

А TEXT-BOOK OF ORGANIC CHEM- 
ISTRY. Ву A. Bernthsen, Ph.D. Tran: 
lated by George M‘Gowan, Ph.D. 7s. 6d. 

FUEL AND REFRACTORY MATE- 
RIALS. By A. Humboldt Sexton, Е.Т.С., 
F.C.8. Crown 8vo, cloth, 5s. 

A TEXT-BOOK OF SOLID OR DE- 
SCRIPTIVE GEOMETRY. Ву Alex. B. 
Dobbie, B.Sc. . Crown буо, cloth, 2s. 

KT AND THE PRINCIPLES OF 
THERMO-DYNAMICS. By C. H.Draper, 
D.Sc., В.А. Cloth, 4s. 0d. 

HYDROSTATICSs AND  PNEUMA- 
TICS. By R. H. Pinkerton, D.A. 4s. 0d. 

AN ELEMENTARY TEXT-BOOK OF 
ANATOMY. By Henry Edward Clark, 
M.B., C.M. Crown Svo, cloth, 68. 

ELEMENTARY PHYSIOLOGY. By 
Prof. Ainsworth Davis. Cloth, 2s. 

THE STUDENT'S INTRODUCTORY 
TEXT-BOOK OF SYSTEMATIC ВО- 
TANY. By Joseph W. Oliver. 4s. 6d. 
TARY ТЕХТ-ВООК OF 
By Prof. Everett. Cl, 3s. 6d. 
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6 BLACKIE’S EDUCATIONAL WORKS 


. 


LINES OF NATURAL PHILO- 
сови By Professor 7. D. Everett. 
Yeap, Svo, cloth, 48, 

THEORETICAL MECHANICS, By 
В. H. Pinkerton, B.A, F'cap 8vo, cloth, 95. 
ELEMENTARY TEXT-BOOK OF 
DYNAMICS AND HYDROSTATICS. By 
R. H. Pinkerton, B.A. .Cloth, 3s. 6d. 
THE ARITHMETIC OF MAGNETISM 
AND ELECTRIC]; Y, By Robert Gunn. 
F'cap 8vo, сой” „8, 6d. 
MAGNET" oM AND ELECTRICITY. 
Ву W. Jerr 4e Harrison and Charles A. 
hite. Fcap 8vo, cloth, 2s. 
^ НО, HEAT, AND SOUND. By 
vharles H. Draper, D.Sc.(Lond.) 9a. 
ELEMENTARY INORGANIC CHEM- 
ISTRY: Theoretical and Practical. Ву 
Professor A. Humboldt Sexton. 2s. 6d. 
AN. INTRODUCTION ТОЎ 4NA- 
LYTICAL CHEMISTRY. 
Gerald Н 


Matthew A. Parker, ВЕ)" Crow! 8v0, 
cloth, 6s. > 
CHEMISTRY FOR ALL,or Elementary 
Alternative Chemistry. By W. Jerome 
Harrison, F.G.8., and R. J, Bailey. 1s. 6d. 


QUALITATIVE CHEMICAL ANA- 
LYSIS, Inorganic and Organic. By Edgar 
Е. Horwill, F.C.S. F'cap 8yo, cloth, 25. 

AN ELEMENTARY ТЕХТ-ВООК OF 
PHYSIOLOGY, By J. M'Gregor-Robert- 
son, M.A., М.В, Ксар Svo, cloth, 4s. 

ELEMENTARY PHYSIOLOGY. By 
Vincent Т. Murché, Есар Svo, cloth, 25. 

ELEMENTARY BOTANY. By Joseph 
W. Oliver. Е'сар Svo, cloth, 2s. 

A TEXT-BOOK OF GEOLOGY. By 
W. J. Harrison, F.G.8. Crown 8vo, 
cloth, 3s. 6d. 

AN ELEMENTARY TEXT-BOOK OF 
APPLIED MECHANICS. By David Allan 
Low, F'cap 8vo, cloth, 95, 

FIRST STEPS IN EARTH-KNOW- 
LEDGE. Ву J. Ansted Harrison, P.Sc. 
Pent) A.R.C8c. Edited by W, Jerome 

ат 500, „8. Illustrated. Crown 
Bvo, cloth, 2s. 64. 


EARTH-KNOWLEDGE. А Text-book 
of Physiography. Ву W. J. Harrison 
and Н. Rowland Wakefield. Е'сар Svo, 
cloth. PART I, 2s. ; PART II, 28.04. 

ELEMENTARY AGRICUL RE. 
Edited by Professor R. P. Wright, 18.64. 

5 > 

ELEMENTARY HYGIENE. By H. 
Rowland Wakefield, F'cap Вто, 95, 

ELEMENTARY PHYSICS: Practical 
and Theoretical. By John б. Kerr, МА. 
Illustrated. Crown Svo, cloth, 15. 6d. 


ELEMENTARY CHEMISTRY: Prac- 
tic) and Theoretical. By Thomas AS. 
Che tham, F.C.S. Cloth, 18. 6d. 


ELEMENTARY \ HYGIENI> AND 
PHYSIOLOGY. ВАН. Rowland Wake- 
field. Cloth, 9x. ~ 


> 

FOOD AND ITS FUNJTIONS. А 

Text-Book for Students of Cookery, 

James Knight, M.A., Ве. 95, 6d. 
9 


с ° 
PROGRESSIVE LESSONS IN 
SCIENCE. By A. AnBO.T, МА «^ -7 
ARTHUR KEY, М.А. With Introductio! 
by T. С. Roorer, Н.М.1.8. 35. 0d, 


Science for Beginn) D 
à Ка 


CHEMISTRY FOR BEGINNERS; By 
W. Jerome Harrison. Cloth, 1з. 


AGRICULTURE FOR BEGINNERS. 
Edited by Professor R. P. Wright. 'Cl., 1s. 


BOTANY FOR 
Vincent T. Murché. Cloth, 1s. 


MAGNETISM AND ELECTRICITY 
FOR BEGINNERS, By W. G. Baker, 
M.A. Cloth, 1s. 


MECHANICS FOR BEGINNERS, By 
David Clark, Cloth, 1s. 6d. 


ANIMAL PHYSIOLOGY FOR BE- 
GINNERS. With Colonred Illustrations. 
By Vincent T. Murché. Cloth, 1s. 6d. 


THE NEWTON SCIENCE READ- 
ERS. A New Series of Object-Lesson 
and Elementary Science Readers. With 
Coloured Illustrations, In 7 Numbers, 


BLACKIES OBJECT-LESSON AND 
SCIENCE READERS, Fully-illustrated. 


Natural History Corsa 


Infant Reader: Country Stories. 64. r^. 


Book I.—Tales and Talks on Common Thing: 
Part І. 84. 


Book Tales and Talks. Part II. 104. 

Book IIL—Beaside and Wayside; or, The 

Young Scientists. 1з. 

Book 1¥i—Our Friends of the Farm. By tho 
Rev. Theodore Wood. 1s. 4d. 

Book V.—Animal and Plant Life, Part I, Бу 

the Rey. Theodore Wood. ра PED 

Book VI.—Animal and Plant Life, 47 
By the Rev. Theodore Wood. 1. 64. 

General Course. о 


Nos. L-III.— Same as in Nat, Hist, Course. 
No. Drs Young cs. 18, 4d. 
No. V. “Zoung Chemists. В 

Cloth, тв 6d. ^ УМ Колер 


Nos. VI-VII. Lessons on Living. By Н. Ro- 
land Wakefield. Cloth, 1s. ра 25 
с 


a 
[/ 
BEGINNERS. Ву, 


Ву © 
° 


| 
| 


Ф 


A BLACKIE'S EDUCATIONAL WORKS df 


" Reading Books 
Edited for Higher Standards and в«ф 


i Schools 
o Р. GES FRO, MODERN AU- 
THORS for ding. Edited by 
, John Do: 


The Sto. icester: Towh and County. 
e LA Reading ook for Schools. Iso, 
ив Spectator Reuter: Selections from Addi- 


son's Spectator. Wis. 
. Readings frommSir Walter Scott. 1s. 3d. 


В Е 
Queen of Scots: being Readings from 
& еа“ оп eae 

Tales from Henty: Selections from the Ro- 
mancesof б. А. Henty. Illustrated, 18. 6d. 

T les Dickens Reader. 18, 4d. 
“е. 2 ге! ег, A bright record of th 
ents of Queen Victoria's eign. Dy G. A. 
Нешу, N tion. Illustrated. 1a. 6d. 


"The, Citizen: His Rigurs axp Кезгохзиши- 
‚ тїз. Dy Oscar Browning, М.А. 14, 04. 


‘The British Biographical Reader. 1s. 6d. 
Readings from Robinson Crusoe. Illustrated 
by Gordon Browne. 1s. 3d. 
Blackie's Shakespeare Reader, 1s. 
Pootical Reader: Selections from Standard 
ye Q Author 1e 04. 
THE PALMERSTON READERS. 
а New serles of Шеш Books with Col- 
BB. oured Illustrations. Та Ten Books, in- 
А ^a cluding THE SIGHT & SOUND PRIMERS. 
i Prospectug with Specimen Pap, on ap- 
ae plication, 
| STORIES FOR THE SCHOOLROOM. 
Sidited by J. Н. Yoxall. Selections from 
the works of fayourite modern authors, 
illustrated by leading artists. Five books, 
Prices Sd. to 18. 6d. Primers, 3d. to 6d. 
THE CENTURY READERS. Six 
books, prices 84. to 1s, 6d. Primers, 
‚ 244. to 64. 


BAYNHAM'S ELOCUTION: Selec- 

tions from leading Authors and Drama- 

+ tists. n George W. Baynham. Crown 
8vo, cloth, 2% 6d. 


E НЕ PRACTICAL ELOCUTIONIST. 
Voi hn Forsyth. Crown Svo, cloth, 


Drawing, Painting, Writing, 
Е «с. о 

t VERE FOSTER'S DRAWING:COPY- 
BOOKS. 72 Numbers at 2d. - Complete 
*Edition, in Eighteen Parts at 94. (Each 

part complete in itself.) 
(WERE FOSTER'S MODEL DRAWING. 
Cloth, 15, 6d, 


oe 


VERE FOSTERS RUDIMENTARY 
PERSPECTIVE. Cloth, 1s. 64. + 


VERE FOSTER'S NATEIL.COLOUT«, 
DRAWING-BOOKS. With coloured fac: 


similes of original water-colour draw- 
ings, aud hints and directions. Complete 
List on application. 

POYNTER'S SOUTH KENSINGTON 
DRAWING-BOOKS. Issued under the 
direct superintendsnce of E. 7. Poynter, 
PORA. Complete Lit on application, 

A SELECTION —^* THE LIBER 
STUDIORUM OF J. мет TURNER, 
RA. In Four Parts, sare folio, 
12s. 6d, each; or complete in Portfolio, 
#2, 198. Gd. 


воо; 


Palmerston Series, їп 11 Numbers, on fine 
paper;ruled in blue and red, price 3d. each. 

24е Titing, or Civil Service Series, in 

Numbers, price d. each. 

Mei Series, in 12 Numbers, price 2d. each. 

Vere Foster's P. ү, Copy Books, in 10 Num- 
bA price 1d/ . 

Uprigit fw, in 12 Numbers, price 24. each. 


Dictionaries, &c. 


THE STUDENTS ENGLISH DIC- 
TIONARY. By Jolin Ogilvie, LL.D. 
New Edition, revised and enlarged by 
Charles Annandale, M. LL.D. Illus- 
trated by 800 Engra’ f'cap 
Ato, cloth, 7s. 64.; half-persian, 108, 04.; 
half-moroceo, flexible, 128, 0d. 

ANNANDALE'S CONCISE ENGLISH 
DICTIONARY. By Charles Annandale, 
M.A., LL.D. New Edition, revised and 
extended; 864 pp., Гсар 4to, cloth, 8s. 64.; 
Roxburgh, 5s. 04.: half-morocco, 78. 6d. 

OGILVIES SCHOOL DICTIONARY, 
Etymological, Pronouncing, and Explana- 
tory. For the use of Schools. By John 
Ое, LL.D. Cloth, 2s. 6d.; Roxburgh, 
8з. 6d. 


ENGLISH ETYMOLOGY. А select 
Glossary, serving as an introduction to 
th@history of the English language. Ву 
Е. Kluge and Е. Lutz, Crown 8vo, cloth, 
5s. nett. 

COMMON WORDS COMMONLY MIS- 
PRONOUNCED. With Hints on Correct 
Articulation. Ву W. Ramsay-Crawford. 
Cloth, 2s. 

А PRONOUNCING VOCABULARY 
OF MODERN GEOGRAPHICAL NAMES, 
marly ten thousand in number. Ву 
George С. Chisholm, МА „В.вс. Есар 9 
Svo, cloth, 1s. 64. 


VERE FOSTER'S WRITING COr> 
KS. SS 


Original Series, in 22 Numbers, price 2d. each, УӘ 


ё 
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THE HEADMASTER OF HARROW says, with regard to School Libraries: 
attach the greatest importance to School Libraries. Boys’ private reading shoul? 


be encouraged as far as possible. 
со. Should haye its library.” 
> 


з SS 
Саг Шу edited —clearly printed —strongly 
P7, 


E А 
, In шакар а choice from the vast treasure-house of Englisliiteratuic- 
aim has 8ееп to select books that will 


graria literature, stimulaténg, узра attractive in pepe d ed 


09 perennial interest; books, indeed, 


and which, if once read; are sure to be read again and again. c» 
"The Library includes lives of heroes ancient and modern, records of travel 


, fiction of the highest class, historical romances, 
books of natural history, and afes of domestic li : 


and adventure by sea and la 
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In crown 800 ENNIUS Strongly bound in cloth. Price 1s. each. 


‘Adventures of Girlhood. 

Alcoti’s Little Women. 

‘Anson's Voyage Round the World. 
Austen's Northanger Abbey. 
Autobiographies of Boyhood. 

Basket of Flowers. 

Byron's Wreck of the “Wager”. 
Coolidge's What Katy Did. 
Coolidge's What Katy Did at School. 
Соорегв Deerslayer. 

Соорегв Ned Myers. 

Cooper's Pathfinder. 

Cummins’ Lamplighter. 

Dampier’s Life and Voyages. 

Dana's Two Years before the Mast. 
Dickens’ Old Curiosity Shop. 2 Vols, 
TEdgeworth's Good Governess. 
Edgeworth's Moral Tales, 

Edwards’ (M.B.) Life of a Galley-Slave. 
Franklin's (Benjamin) Autobiography. 
Goldsmith's Vicar of Wakefield. 
Gore's (Mrs.) The snowstorm. 

Hall's Log-Book of a Midshipman. 
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appeal to young minds; books that are 


ch every boy and gi ought fiov, Ф 
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Irving's Conquest of Granada, 2 Vols. 
Lamb's Tales from Shakspeare. 

Lives of Drake and Cavendish. 
Macanláy's Essays on English History. 
Marryat's Children of the New Forest. 
Marryat’s Masterman Ready, G 
Marryat's Poor Jack. 

Marryat's Settlers in Canada. 
Martineau's Feats on the Fiord. 
Melville's Турее. 

Mitford's Our Village. 

Parry's Third Voyage. Y 
Plutarch's Lives of Greek Heroes. 

Reid's (Mayne) Rifle Rangers. 

Scott's (ML) Cruise of the Midge. 

Scott's (M.) Tom Cringle's Log. 
Scott's Downfall of Napoleon. 
Scots Ivanhoe. 2 Vols. 
Scott's Talisman. 

Sinclair's Holiday House. 
Southey's Life of Nelson. 
Spectator. The, Selections from. 
Watertan's Wanderings. 


READY 
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White's Natural History of Selborne. hy 


“The Library is one of the most intelligent 
enterprises in connection with juvenile litera: 


glance at the 


ture of recent years. . . . А 


T t 
Detailed Prospectus 


and Press Opinions will be Em Sree 


LONDON: BLACKIE & SON, Lor 


es that the editing is in the hhhds 
dine one who о) 
healthy boys and girìs,”— Bookman, 
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